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PREFACE 


TO 


THE    SECOND    EDITION. 


DURING  the  five  years  which  have  elapsed  since  the  publication  of 
the  First  Edition  of  this  work,  the  adoption  of  the  atomic  system  of 
notation  has  become  so  general  among  English  chemists  that  I  have 
felt  obliged  to  employ  it  in  the  present  edition.  This  change  has  ren- 
dered it  necessary  to  commence  the  study  of  the  non-metallic  elements 
with  Hydrogen  instead  of  Oxygen,  a  course  attended  with  some  dis- 
advantage to  beginners,  because  Hydrogen  is  prepared  and  studied  by 
processes  which  are  strictly  technical,  whereas  Oxygen  is  known  in  a 
free  state  in  the  atmosphere,  where  we  constantly  witness  its  chemical 
action  upon  other  bodies.  Moreover,  the  circumstance  that  the  science 
of  chemistry  originated  in  the  careful  study  of  the  phenomena  of  com- 
bustion towards  the  end  of  the  last  century,  appears  to  me  greatly  in 
favor  of  our  commencing  a  course  of  elementary  chemistry  from  that 
point.  Since,  however,  Hydrogen  is  the  chemical  unit  of  the  atomic 
system,  whilst  Oxygen  is  a  diatomic  element,  I  have  found  it  abso- 
lutely necessary  to  assign  to  this  latter  the  second  place.  Indeed,  to 
teach  the  atomic  system  in  its  integrity,  it  would  be  necessary  to  post- 
pone the  study  of  Oxygen  until  all  the  monatomic  elements  had  been 
disposed  of,  and  thus  to  defer,  till  a  late  period,  the  consideration  of 
the  processes  of  combustion  which  awaken  the  interest  of  even  the 
least  observant  student. 

Although  I  thoroughly  appreciate  the  beauty  and  harmony  of  the 
atomic  system,  and  acknowledge  the  immense  assistance  which  it 
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has  afl'ordrd    in  re&eait  1  \ith   n-jrn    it-   aim--!    nni- 

in  tin-   roiinf '  t   involvr- 

tli«      nr.v~.ity    of    propoundinLr    thr    ditlirnlt    hvpoth.  -i-    of    tin-    t'mitr 
di\  i-il>ilil\  r  at  thr  OOfffl  idy  whirh  h:« 

'•d  t..   tli.     -nidrnt  a-  -trirtly  «\  prrimnital.  and  a-  all'.  .nliii'_r 
a   inriital    '  :i   thr   al>-  <iath« ma'  •    it    Kr 

.  iiiriitioj)  mnen,  imi  that 

the  tCarhrr   may   routine   hilll-rlf,  a8  18  nOW  SOIli 

proportion-,   thr    rnnil>ininLr  \Vri-jlit     of   ll\  «1  r«  >'^'}\    ill    \\at«r 
l»r  rrj.n-rntnl  a-  '_'  ;  a  |.rr|>lr\iiiLr.  ami  at  tlii-  -ta-r  t«. tally 
iin|iiir  -uggeBted   to  tin-  iniiul  «'f  thr  |ni|»il.  \vliy  it    i-    -rt  (l«.\\n 

a-  1  in  tlir  lists  of  combining  weights. 

Thr  niiiiirp.u-  f'ailun--  in  Chemistry  at  thr  «-.\:imin:ili«m-  ii'>\\  M 
much  in  vn-ur,  aj.jMar  t<>  indiratr  tin-  «lilliriilty  rx|M-rii-n«-r.l  l.y  thr 
iinmatiirr  mind-  «.t'  thr  ynniii:  in  laving  li"l«l  <»f  tlic  ideas  of  atomicity 
and  <niantiv:ilrnrr  \\hirh  j.rrvadr  many  ..f  thr  (|iir-ti..n^.  \\hriva-  thr 
mutual  rrlatinn  Q  thrrlrmrnt-  and  tln-ir  mmpMUinU.  \\li:- 

ca-ily   imjiressed   on    thr    mind    bj  •nmt.  and    invnlvi-    :i>    imirh 

rh«-mi-try  as  the  yonn.ir  -tudnit  •  treated  as  of  suKordinatr 

importance. 

Thr  trndrnry  to  rr^-ard  Chrmi-trya-  a  m«>ditird  Al^-Kra  ha-l- 
SO  great  -in--,    thr  «jrinTal    int r-xlnrt i<.n   <>f  thr  at«»mir  -y-tmi.  that  it  i< 
not  nnromnion  for  trarhri-  in  schools  to  prepaiv  thr  pupil-  i;,r  r\ami- 
natioti  in  ( 'h. -mi-try,  ivbo    ha\  •••  t  In  in-  1\  -.-    nrvrr  had    tin-  opportunity 
of  letmiDg  how  to  conduct  thr  -implr-t  rht  inical  operation. 

To  acquire  a  knowled^   of  thr  rndimrnt-  of  Chrmi-try  l.y  p.-rsonal 

:ition.  ha-,  without  doul.t.  a    v.-ry  l>nirtirial    rll'r.-t  :    l.nt  to 
a  imiiilH-r  of  formula-  and  r.jiiatii.n-,  \vith    thr   -olr  ohjrrt  of 
•  •••riain  niimlirr  of  mark-    at    r\amination.  alto-rtl, 

with  whirh   ('hrmi^try  -hould    1»-   intn.durrd  into   a    »y-trm    «•!'  lil..-ral 
•ion. 

In  thi-  dlition   I   hav  ,-inl.-av«.iv«l  t-  .  .  M  tar  a-  JH— il.lr.  thr 

-ini|»lr  am!  rharart.T    ..j'  thr  \\oj-k.  and    at    tin-  -aim-  timr 

to  fin|»|iiv  formula-    in    harmonv  with  tho-r   no\\   ._n-nrnilly  u-rd.      'I'hr 
nomeiK-latiin-    ha-    mid.  •  \-  littlr    chan  1 -y   \\» 

a    -i -nrral    agreement    upon    thi-    -ulijrct;    ;md    I   dn-m    it    «\'  thr 
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greatest  importance  that  the  names  by  which  chemical  compounds  are 
known  in  common  life  should  be  kept  before  the  student  in  a  chemical 
treatise. 

The  attention  of  the  student  is  called  to  the  Table  of  Contents,  which 
has  been  drawn  up  to  serve  the  purpose  of  an  abstract,  by  which  he 
may  examine  himself  upon  each  paragraph  of  the  book.  The  Index 
is  also  a  dictionary  of  the  most  important  formulae,  in  which  either  the 
name  of  a  compound  may  be  referred  to,  in  order  to  find  its  formula, 
or  the  formula  may  be  sought  when  it  is  desired  to  ascertain  the  com- 
pound to  which  it  belongs. 

C.  L.  B. 

KING'S  COLLEGE,  LONDON, 
July,  1872. 


Ill  the  following  pages,  the  smaller  type  contains  not  only  the  de- 
scriptions of  experiments,  but  all  such  matter  as  would  be  of  less  im- 
portance to  a  student  desiring  only  a  general  knowledge  of  the  subject 
without  going  into  details. 

A  Table  of  Atomic  Weights  will  be  found  at  page  661. 
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PEEFACE  TO  THE  FIKST  EDITION. 


THIS  work  is  designed  to  give  a  clear  and  simple  description  of  the 
elements  and  their  principal  compounds,  and  of  the  chemical  principles 
involved  in  some  of  the  most  important  branches  of  manufacture. 
Keeping  this  in  view,  I  have  employed  as  few  technical  terms  as  pos- 
sible, especially  at  the  commencement,  so  that  the  student  may  glide 
into  Chemistry  without  having  first  to  toil  through  a  difficult  chapter 
on  the  terminology  of  tlie  science,  which  he  can  never  appreciate  until 
he  has  become  acquainted  with  the  examples  which  serve  to  illustrate 
its  application. 

Convinced  by  experience  of  the  great  assistance  afforded  to  the 
learner  by  referring  him  to  a  simple  illustrative  experiment,  I  have  in- 
troduced, generally  in  smaller  type,  a  description,  and  in  most  cases  a 
wood-engraving,  of  the  experiments  which  I  have  found  most  useful  in 
illustrating  lectures,  hoping  that  these  may  prove  of  service  in  fixing  the 
attention  of  the  student,  and  may  assist  those  who  are  desirous  of  per- 
forming such  experiments  for  their  own  instruction,  or  for  that  of  a  class. 

In  general,  English  weights  and  measures,  and  Fahrenheit  thermo- 
metric  degrees,  have  been  employed,  as  conveying  more  clearly  to  the 
beginner  the  absolute  values  expressed,  since  the  mental  effort  of  con- 
verting what  must  still  be  called  the  Continental  systems,  slight  though 
it  be,  might  have  the  effect  of  diverting  the  attention  of  the  reader  from 
the  chemical  question  under  consideration.  The  various  calculations 
have  been  conducted  in  the  simplest  arithmetical  form,  because  the 
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more  o>!M  |  M  -ml1  il  exj.re^icn-  are  nut    BO   L'«-!i.-r:illy  intclli- 

iril'le,  ami  \\ln-n  tin-  principle  i-  mice  uinl<-iMiMid,  a  general  al-j*  ' 
li.nnula  ll.r  tin-  c:ilcii!:itinn  i-  .-a-ily  .  l.-ani.T. 

-jM-ci:il  an.-Mti'.ii  «lcvntc«l  IM  Metallurgy  and  some  0  -i.-hc- 

of  Appliwl  Cli'  -A  ill    n-ii.l.T   the  wm-k    n-ct'ul    to   th«—  •  \vh«.   are 

i'^  educated  for  employment  in  inanntiu-tiire. 

The  military  student  will  find  mmv  than  the  iiMial  space  allotted  to 
th<  <  1  irious  substances  employed  in  warlike  stores. 

C.  L.  B. 
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INTRODUCTION. 


1.  CHEMISTRY  describes  the  properties  of  the  different  particles  of 
which  all  kinds  of  matter  are  composed,   and  teaches  the  laws  which 
regulate  their  union  with,  or  separation  from,  each  other. 

Matter  is  anything  which  possesses  weight.  Matter  is  chemically 
divided  into  two  great  classes, — elements  and  compounds. 

An  ELEMENT  is  that  which  has  not  been  found  divisible  into  more 
than  one  kind  of  matter. 

A  COMPOUND  consists  of  two  or  more  elements  held  together  by 
chemical  attraction. 

CHEMICAL  ATTRACTION  is  the  force  which  causes  different  kinds  of 
matter  to  unite,  in  order  to  form  a  new  kind  of  matter. 

Chemical  Combination  is  the  operation  of  chemical  attraction. 

Chemical  Decomposition  is  the  separation  of  two  or  more  kinds  of 
matter  previously  held  together  by  chemical  attraction. 

2.  The  elements  known  at  present  are  sixty-four  in  number,  and  are 
divided  into  metallic  and  non-metallic  elements. 

The  Non- Metallic  Elements  are  (15). 


Oxygen. 

Hydrogen. 
Nitrogen. 

Sulphur. 
Selenium. 

Tellurium. 

Fluorine. 
Chlorine. 
Bromine. 

Carbon. 

Iodine. 

Phosphorus. 

Boron. 

Arsenic.1 

Silicon. 

The  Metals  are-  (49). 


Coesium. 

Aluminum. 

Zinc. 

Copper. 

Mercury. 

Rubidium. 

Glucinum. 

Nickel. 

Bismuth. 

Silver. 

Potassium. 

Zirconium. 

Cobalt. 

Lead. 

Gold. 

Sodium. 

Thorinum. 

Iron. 

Thallium. 

Platinum. 

Lithium. 

Yttrium. 

Manganese. 

Palladium. 

Erbium. 

Chromium. 

Tin. 

Rhodium. 

Barium. 

Terbium. 

Cadmium. 

Titanium. 

Ruthenium. 

Strontium. 

Cerium. 

Uranium. 

Tantalum. 

Osmium. 

Calcium. 

Lanthanum. 

Indium. 

Molybdenum. 

Iridium. 

Magnesium. 

Didymium. 

Tungsten. 

Niobium. 

Vanadium. 

Antimony. 

1  In  many  English  chemical  works  arsenic  is  classed  among  the  metals,  which  it  resembles  in  some 
of  its  properties. 
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INORGANIC  CHEMISTRY. 


CHEMISTRY   OF   THE    NON-METALLIC    ELEMENTS, 
AND  THEIR  COMPOUNDS. 


WATER. 

4.  A  CENTURY  has  not  yet  elapsed  since  water  ceased  to  be  regarded 
as  an  elementary  form  of  matter.  It  was  first  resolved  into  its  con- 
stituent elements,  hydrogen  and  ox}rgen,  by  subjecting  it  to  the  influence 
of  the  voltaic  current,  which  decomposes  or  analyses  the  water  by  over- 
coming the  chemical  attraction  by  which  its  elements  are  held  together. 

An  arrangement  for  this  purpose  is  represented  in  Fig.  1. 

FIG.  l. 


Electrolysis  of  water. 

The  glass  vessel  A  contains  water,  to  which  a  little  sulphuric  acid  has  been  added 
to  increase  its  power  of  conducting  electricity,  for  pure  water  conducts  so  im- 
perfectly that  it  is  decomposed  with  great  difficulty.  B  and  C  are  platinum  plates 
bent  into  a  cylindrical  form,  and  attached  to  stout  platinum  wires,  which  are  passed 
through  corks  in  the  lateral  necks  of  the  vessel  A,  and  are  connected  by  binding 
screws  with  the  copper  wires  D  and  E,  which  proceed  from  the  galvanic  battery  G. 
H  and  O  are  glass  cylinders  with  brass  caps  and  stop-cocks,  and  are  enlarged  into  a 
bell-shape  at  their  lower  ends  for  the  collection  of  a  considerable  volume  of  gas. 
These  cylinders  are  filled  with  the  acidulated  water,  by  sucking  out  the  air  through 
the  open  stop-cocks  ;  on  closing  these,  the  pressure  of  the  air  will  of  course  sustain 
the  column  of  water  in  the  cylinders.  G  is  a  Grove's  battery,  consisting  of  five 
cells  or  earthenware  vessels  (A,  Fig.  2)  filled  with  diluted  sulphuric  acid  (one  meas- 
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particles  of  water  lying  between  the  plates  P  and  Z  before  the  "current" 
is  passed,  and  B  the  state  of  the  particles  when  the  current  has  been 
established.  P  is  (the  positive  pole)  in  connection  with  the  last  platinum 
plate  of  the  battery,  and  Z  is  (the  negative  pole)  in  connection  with  the 
last  zinc  plate. 

FIG.  5. 
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The  signs  +  and  —  made  use  of  in  B  refer  to  a  common  mode  of  ac- 
counting for  the  decomposition  of  water  by  the  battery,  on  the  supposi- 
tion that  the  oxygen  is  in  a  negatively  electric  condition,  and  therefore 
attracted  by  the  positive  pole  P;  whilst  the  hydrogen  is  in  a  positively 
electric  condition,  and  is  attracted  by  the  negative  pole  Z. 

The  decomposition  of  compounds  by  galvanic  electricity  is  termed 
electrolysis.1  When  a  compound  of  a  metal  with  a  non-metal  is  decom- 
posed in  this  manner,  the  metal  is  usually  attracted  to  the  (negative) 
pole  in  connection  with  the  zinc  plate  of  the  batteiy,  whilst  the  non- 
metal  is  attracted  to  the  (positive)  pole  connected  with  the  platinum 
plate  of  the  battery. 

Hence  the  metals  are  frequently  spoken  of  as  electro-positive  elements, 
and  the  non-metals  as  electro-negative. 

6.  If  the  passage  of  the  "current"  be  interrupted  when  the  tube  H 
has  become  full  of  gas,  the  tube  O  will  be  only  half  full,  since  water 
contains  hydrogen  and  oxygen  in  the  proportion  of  two  volumes  of  hydro- 
gen to  one  volume  of  oxygen.     When  the  wider  portion  of  the  tubes  (Fig. 
1)  are  also  filled,  the  two  gases  may  be  distinguished  by  opening  the 
stop-cocks  in  succession,  and  presenting  a  burning  match.     The  hydro- 
gen will  be  known  by  its  kindling  with  a  slight  detonation,  and  burning 
with  a  very  pale  flame  at  the  jet ;  whilst  the  oxygen  will  very  much  in- 
crease the  brilliancy  of  the  burning  match,  and  if  a  spark  left  at  the 
extremity  of  the  match  be  presented  to  the  oxygen,  the  spark  will  be 
kindled  into  a  flame. 

Another  method  of  effecting  the  decomposition  of  water  by  electricity 
consists  in  passing  a  succession  of  electric  sparks  through  steam.  It  is 
probable  that  in  this  case  the  decomposition  is  produced  rather  by  the 
intense  heat  of  the  spark  than  by  its  electric  influence. 

For  this  purpose,  however,  the  galvanic  battery  does  not  suffice,  since 
no  spark  can  be  passed  through  any  appreciable  interval  between  the 
wires  of  the  battery, — a  fact  which  electricians  refer  to  in  the  statement 
that  although  the  quantity  of  electricity  developed  by  the  galvanic  bat- 
tery is  large,  its  intensity  is  too  low  to  allow  it  to  discharge  itself  in 
sparks  like  the  electricity  from  the  machine  or  from  the  induction-coil, 
which  posesses  a  very  high  intensity,  though  its  quantity  is  small. 

7.  The  most  convenient  instrument  for  producing  a  succession  of  elec- 
tric sparks  is  the  induction-coil,  by  the  aid  of  which  the  electric  influence 
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Decomposition  of  steam  by  electric  spark*. 
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"by  india-rubber,  so  as  to  deliver  the  gas  under  a  small  jar  standing  upon  a  bee-hive 
shelf  in  the  trough. 

The  platinum  tube  is  not  heated  until  the  whole  apparatus  is  full  of  steam,  and  no 


Decomposition  of  steam  by  heat. 

more  bubbles  of  air  are  seen  to  rise  through  the  water  in  the  trough  ;  the  gas-burner 
is  then  lighted,  and  the  oxygon  turned  on  until  the  platinum  tube  is  heated  to  a  very 
bright  red  heat ;  bubbles  of  the  mixture  of  hydrogen  and  oxygen  resulting  from  the 
decomposition  of  the  water  may  then  be  collected  in  the  small  jar,  and  afterwards 
exploded  by  applying  a  flame. 

8.  The  decomposition  of  water  by  the  galvanic  current  proved  that 
there  are  two  volumes  of  hydrogen  combined  with  one  volume  of  oxygen. 

Hydrogen  is  the  lightest  form  of  matter  with  which  we  are  acquainted, 
and  is  therefore  generally  regarded  as  the  chemical  unit  of  weight  and 
volume,  i.  e.,  one  part  by  weight  of  hydrogen  occupies  one  volume. 

Oxygen  is  found  to  be  sixteen  times  as  heavy  as  hydrogen,  that  is,  a 
given  measure  of  oxygen  weighs  sixteen  times  as  much  as  an  equal 
measure  of  hydrogen. 

Since  the  two  volumes  of  hydrogen  in  water  represent  two  parts  by 
weight,  the  one  volume  of  oxygen  represents  sixteen  parts  by  weight. 

Water  is  invariably  found  to  contain  exactly  these  proportions  of  its 
elements,  illustrating  the  law  of  definite  proportions,  that  a  given  com- 
pound always  contains  the  same  elements  in  the  same  proportions. 

This  law  is  characteristic  of  the  force  of  chemical  attraction,  no  such 
law  being  observed  in  the  operation  of  either  of  the  other  forces  of  at- 
traction by  which  the  particles  of  matter  are  influenced,  viz.,  those  of 
gravitation,  cohesion,  electricity,  and  magnetism.  To  account  for  the 
existence  of  such  a  law  limiting  the  operation  of  chemical  attraction,  it 
is  necessary  to  refer  to  the  theory  of  the  atomic  constitution  of  matter. 

Atomic  Theory.1 — All  matter  is  composed  of  minute  particles,  which 
are  incapable  of  being  further  subdivided,  and  are  therefore  called 
atoms.2 

The  atoms  of  the  same  element  have  all  the  same  weight,  but  the 
atoms  of  different  elements  have  different  weights. 

A  compound  form  of  matter  results  from  the  operation  of  chemical 
attraction  between  a  definite  number  of  atoms  of  each  of  the  elements 
composing  it. 
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Among  the  practically  important  metals,  there  are  five  which  have  so 
powerful  an  attraction  for  oxygen  that  it  is  necessary  to  preserve  them 
in  bottles  filled  with  some  liquid  free  from  that  element,  such  as  petro- 
leum (composed  of  carbon  and  hydrogen),  to  prevent  them  from  com- 
bining with  the  oxygen  of  "the  atmosphere.  These  metals  are  capable 
of  decomposing  water  with  great  facility. 

Metals  which  decompose  water  at  the  ordinary  temperature. — Potas- 
sium, Sodium,  Barium,  Strontium,  Calcium. 

When  a  piece  of  potassium  is  thrown  upon  water,  it  takes  fire  and 
burns  with  a  fine  violet  flame,  floating  about  as  a  melted  globule  upon 
the  surface  of  the  water,  combining  with  the  oxygen,  and  producing,  in 
the  act  of  combination,  enough  heat  to  kindle  the  hydrogen  as  it  escapes. 
The  violet  color  of  the  flame  is  due  to  the  presence  of  a  little  potassium 
in  the  form  of  vapor.  The  same  results  ensue  if  the  potassium  be  placed 
on  ice.  The  water  in  which  the  potassium  has  been  dissolved  will  be 
found  soapy  to  the  touch  and  taste,  and  will  have  a  remarkable  action 
upon  certain  coloring  matters.  Paper  colored  with  the  yellow  dye  tur- 
meric becomes  brown  when  dipped  in  it,  and  paper  colored  with  red 
litmus  (archil}  becomes  blue.  Substances  possessing  these  properties 
have  been  known  from  a  very  remote  period  as  alkaline  substances,  ap- 
parently because  they  were  first  observed  by  the  alchemists  in  the  ashes 
of  plants  called  kali. 

The  alkalies  are  among  the  most  useful  of  chemical  agents. 

Definition  of  an  alkali. — A  compound  substance,  very  soluble  in  water, 
turning  litmus  blue  and  turmeric  brown. 

These  alkaline  properties  are  directly  opposed  to  the  characters  of 
sour  or  acid1  substances,  such  as  vinegar  or  vitriol,  which  change  the 
blue  litmus  to  red. 

When  an  acid  liquid,  such  as  vinegar  (acetic  acid)  or  vitriol  (sulphuric 
acid),  is  added  to  an  alkaline  liquid,  the  characteristic  properties  of  the 
latter  are  destroyed,  the  alkali  being  neutralized. 

An  acid  substance  may  be  known  by  its  property  of  neutralizing  an 
alkali  (either  entirely  or  partly). 

The  minute  investigation  into  the  action  of  potassium  upon  water 
would  require  considerable  manipulative  skill.  It  would  be  necessary 
to  weigh  accurately  the  potassium  employed,  to  evaporate  the  resulting 
solution  in  a  silver  basin  (most  other  materials  being  corroded  by  the 
alkali),  and  after  all  the  water  had  been  expelled  by  heat,  to  ascertain 
the  composition  of  the  residue  by  a  chemical  analysis. 

It  would  be  found  to  contain,  by  weight,  1  part  of  hydrogen,  16  parts 
of  oxygen,  and  89  parts  of  potassium. 

Since  water  contains  2  parts  by  weight  of  hydrogen,  combined  with 
16  parts  of  oxygen,  it  is  evident  that  the  product  of  the  action  of  potas- 
sium on  water  is  formed  by  the  substitution  of  39  parts  of  potassium 
for  1  part  of  hydrogen. 

It  is  found  that  whenever  potassium  takes  the  place  of  hydrogen  in 
a  compound,  39  parts  of  the  former  are  exchanged  for  one  of  the  latter, 
and  this  is  generall}*  expressed  by  stating  that  39  is  the  chemical  equiva- 
lent of  potassium. 

The  chemical  equivalent  of  a  metal  expresses  the  weight  which  is  re- 
quired to  be  substituted  for  one  part  by  weight  of  hydrogen  in  its  com- 
pounds. 

1  From  dKrj,  a  point,  referring  to  the  pungency  or  sharpness  of  the  acid  taste. 


OP    MBTALS    ON    WAT 

::n  u|M)n  water 

ompoondi 

>mot 
potas-  .-s  that  of  an  atom  ijen. 

1ft!  '  of  pota- 

its  aci  •'  i'm 

H,0     +     K     =     KIIO      -      II  . 

Water.  OwMUc  poU»h.« 

Sodium  has  a  less  powerful  attract io:,  j.-nthan  pota- 

does  II" t  u-uallv  take  tin-  when  thrown  int.  .though  ; 

once  f,  .  ohvdin  it-  combination  \\  it  h  the  o\\  -,  -n.      l',\ 

holding  a  li-ln.-d  mi  the  globule  as  it  swim-  np«.n 

the     hydrogen     may    be     kin 
when    it>    Maine    i>    hri-ht    y«dl«»w 
.«•  so(lium. 

The  solution  will  In-  found  -trongly 
alkaline   iVoin   I  looecL 

_r  the  sodium  on  a 
of  bl-  •  <-r  lai<l  on 

it  may  be  made  to  ignite  the  hy- 
drogen spontaiieou-K .  \ 

-tationary,  ami  pre- 
vents   it    from    being    so    rapidly 
i  by  the  water.    Several  cubic 
inchc*  of  hylrogen,  may  easily  be 
i.-.-te.l  by  placing  a  piece  of  so- 
dium as  large  as  a  bean  in  a  small 
wire-gauze  box  (A,  Fig.  8),  and  holding  it  nmh  i 

h  water  and  standing  upon  a  bee-hive  shelf. 

duct  of  the  action  of  sodium  upon  \\  1    part  by 

weight  «•!'  hydrogen,  16  of  oxygen,  and  23  of  sodium,  so  that  the  L';;  parts 
of  sodium  have  been  exchanged  for,  or  been  :  mically  cnuiva- 

.ren. 

The   atom  of  >odium   i-   -.-nenilly  taken  to  be  twenty-three  times  as 
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But  the  greater  number  of  the  common  metals  must  be  raised  to  a 
much  higher  temperature  than  this  in  order  to  enable  them  to  decom- 
pose water.  The  following  metals  will  abstract  the  oxygen  from  water 
at  high  temperatures,  those  at  the  commencement  of  the  list  requiring 
to  be  heated  to  redness  (about  1000°  F.),  and  the  temperature  required 
progressively  increasing,  until  it  attains  whiteness  for  those  at  the  end 
of  the  list. 

Metals  which  decompose  water  at  a  temperature  above  a  red  heat. — 
Zinc,  Iron,  Chromium,  Cobalt,  Nickel,  Tin,  Antimony,  Aluminum,  Lead, 
Bismuth,  Copper. 

The  noble  metals,  as  they  are  called,  which  exhibit  no  tendency  to 
oxidize  in  air,  are  incapable  of  removing  the  oxygen  from  water,  even 
at  high  temperatures. 

Metals  which  are  incapable  of  decomposing  water. — Mercury,  Silver, 
Gold,  Platinum. 


HYDROGEN. 

10.  Preparation  of  hydrogen. — The  simplest  process,  chemically 
speaking,  for  preparing  hydrogen  in  quantity,  consists  in  passing  steam 
over  red-hot  iron.  An  iron  tube  (A,  Fig.  9)  is  filled  with  iron  nails  and 


Preparation  of  hydrogen  from  steam. 


fixed  across  a  furnace  (B),  in  which  it  is  heated  to  redness  by  a  charcoal 
fire.  A  current  of  steam  is  then  passed  through  it  by  boiling  the  water 
in  the  flask  (C),  which  is  connected  with  the  iron  tube  by  a  glass  tube 
(D)  and  perforated  corks.  The  hydrogen  is  collected  from  the  glass 
tube  (G)  in  cylinders  (E)  filled  with  water,  and  inverted  in  the  trough 
(F)  upon  the  bee-hive  shelf  (H),  the  first  portions  being  allowed  to 
escape,  as  containing  the  air  in  the  apparatus.  The  iron  combines  with 
the  oxygen  of  the  water  to  form  the  black  oxide  of  iron  (Fe3O4),  which 
will  be  found  in  a  crystalline  state  upon  the  surface  of  the  metal.  The 
decomposition  is  represented  by  the  equation 


4H2O 

Water. 


Fe3  Fe3O4     + 

Black  oxide  of  iron. 


H 
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Preparation  of  hydrogen. 
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The  atomic  weight  and  equivalent  weight  of  potassium,  therefore,  are 
represented  by  the  same  number,  which  is  often  expressed  by  saying 
that  potassium  is  a  monatomic  element,  i.  e.,  is  exchangeable  for  one 
atom  of  hydrogen. 

But  since  65  parts  of  zinc  displace  2  parts  of  hydrogen,  the  equiva- 
lent of  zinc,  or  that  quantity  which  is  exchangeable  for  1  part  by  weight 
of  hydrogen,  would  be  32.5. 

The  atomic  weight  of  zinc,  therefore,  is  double  its  equivalent  weight, 
or  zinc  is  a  diatomic  element,  i.  e.,  is  exchangeable  for  two  atoms  of 
hydrogen.  This  is  commonly  expressed  by  writing  the  symbol  of  zinc 
thus— Zn". 

Iron  might  be  used  instead  of  zinc,  and  the  solution  when  evaporated 
would  then  deposit  crystals  of  green  vitriol  or  copperas  (sulphate  of 
iron  FeO  .  S03),  the  action  of  iron  upon  water  in  the  presence  of  sul- 
phuric acid  being  represented  by  the  equation 

H20  .  S03     +     Fe    ==    FeO  .  S03     +     H2. 

comSblnPS5lthCJ?ater.  Sulphate  of  iron. 

which  shows  that  one  atom  (56)  of  iron  has  taken  the  place  of  two 
atoms  of  hydrogen.  28  would  then  be  the  chemical  equivalent  of  iron, 
and  this  metal  is  diatomic,  like  zinc. 

11.  Physical  proper  ties  of  hydrogen. — This  gas  is  permanent,  invisible, 
and  inodorous  when  pure.     The  hydrogen  obtained  by  the  ordinary 
methods  has  a  very  disagreeable  smell,  caused  by  the  presence  of  minute 
quantities  of  compounds  of  hydrogen  with  sulphur,  arsenic,  and  carbon; 
but  the  gas  prepared  with  pure  zinc  and  sulphuric  acid  is  quite  free  from 
smell.     The  most  remarkable  physical  property  of  hydrogen  is  its  light- 
ness.    It  is  the  lightest  of  all  kinds  of  matter,  being  about  Jg  as  heavy 
as  air,  and  yjyg^  as  heavy  as  water. 

The  lightness  of  hydrogen  may  be  demonstrated  by  many  interesting  experiments. 
Soap  bubbles  or  small  balloons  (of  collodion  for  example)  will  ascend  very  rapidly  if 
inflated  with  hydrogen.  A  light  beaker  glass  may  be  accurately  weighed  in  a  pair 
of  scales;  it  may  then  be  held  with  its  mouth  downwards,  and  hydrogen  poured  up 
into  it  from  another  vessel.  If  it  be  then  replaced  upon  the  scale-pan  with  its  mouth 
downwards,  it  will  be  found  very  much  lighter  than  before.  Another  form  of  the 
experiment  is  represented  in  Fig.  11,  where  a  light  glass  shade  has  been  suspended 
from  the  balance  and  counterpoised,  the  equilibrium  being,  of  course,  at  once  dis- 
turbed when  hydrogen  is  poured  up  into  the  shade.  If  a  stoppered  gas  jar  full  of 
hydrogen  be  held  with  its  mouth  downwards,  and  a  piece  of  smouldering  brown 
paper  held  under  it,  the  smoke  which  would  rise  freely  in  the  air,  is  quite  unable  to 
rise  through  the  hydrogen,  and  remains  at  the  mouth  of  the  jar  until  the  stopper  is 
removed,  when  the  hydrogen  quickly  rises  and  the  smoke  follows  it. 

12.  The  employment  of  hydrogen  for  filling  balloons  renders  a  knowl- 
edge of  the  relation  between  the  weights  of  equal  volumes  of  hydrogen 
and  atmospheric  air  of  great  importance.     The  number  expressing  this 
relation  is  termed  the  specific  gravity  of  hydrogen. 

DEFINITION. — The  specific  gravity  of  a  gas  or  vapor  is  its  weight  as 
compared  with  that  of  an  equal  volume  of  some  other  gas.  selected  as  a 
standard,  at  the  same  temperature  and  pressure. 

If  the  weight  of  a  given  volume  of  purified  and  dried  air  be  repre- 
sented as  unity,  an  equal  volume  of  hydrogen,  at  the  same  tempera- 
ture and  pressure,  would  weigh  0.0692,  which  is  expressed  by  saying 
that  the  specific  gravity  of  hydrogen  (air  =  1)  is  0.0692.  In  ascer- 
taining the  weights  of  definite  volumes  of  gases,  it  is  of  the  greatest 
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tliis  mutual  repulsion  among  the  particles  of  each  gas  would  cause  it  to 
dijfuxe  itself  equally  throughout  both  jars,  so  that,  eventually,  as  much 
hydrogen  will  be  found  in  the  lower  jar  as  if  it  had  been  completely 
exhausted  of  air  before  the  commencement  of  the  experiment.  This  is 
often  expressed  by  the  statement  that  one  gas  acts  as  a  vacuum  to 
another,  which  is  true  as  far  as  the  ultimate  result  is  concerned,  though, 
of  course,  the  time  occupied  by  the  passage  of  a  gas  into  a  vacuum 
would  be  far  less  than  that  required  for  its  passage  into  another  gas. 
Even  if  the  two  jars  be  connected  only  by  a  tube  with  the  narrowest 
passage  possible,  the  same  result  would  be  arrived  at,  but  after  a  longer 
period. 

This  tendency  of  the  particles  of  a  gas  to  separate  as  far  as  possible  from  each 
other,  or  as  it  is  sometimes  called,  the  mutual  repulsion  of  the  particles  of  gases,  is 
due  to  the  constant  movement  of  these  particles  ;  for  although  no  appearance  of 
motion  can  be  seen,  a  little  consideration  will  show  that  the  particles  of  a  gas  are 
never  at  rest.  It  is  well  known  that  in  a  vessel  containing  a  gas,  the  pressure  of  the 
gas  is  exerted  equally  in  all  directions  upon  the  sides  of  the  vessel ;  and  if  two 
vessels  be  filled  with  gases  of  relative  weights,  the  pressure  may  be  the  same  in 
both,  notwithstanding  the  difference  in  the  actual  weights  of  the  gases.  For  exam- 
ple, if  two  jars  of  equal  size  be  tilled  with  hydrogen  and  oxygen,  over  the  pneumatic 
trough,  the  pressure  of  each  gas  will  equal  that  of  the  atmosphere,  when  the  water 
within  the  jars  has  the  same  level  as  the  water  in  the  trough,  although  the  actual 
weight  of  the  oxygen  is  sixteen  times  that  of  the  hydrogen. 

The  pressure  of  the  gas  upon  the  sides  of  the  containing  vessel  is  due  to  the  con- 
stant motion  of  its  particles,  which  causes  them  to  strike  upon  the  sides  of  the  vessel 
with  an  amount  of  force  which  constitutes  the  pressure.  Thus,  in  a  gas  having  a 
pressure  equal  to  that  of  the  atmosphere,  the  particles  of  gas  are  delivering  blows 
upon  the  sides  of  the  containing  vessel  with  a  force  amounting  to  about  15  Ibs.  upon 
every  square  inch  of  the  surface.  Since  each  particle  of  hydrogen  is  only  T^  of  the 
weight  of  the  particle  of  oxygen,  it  is  evident  that,  in  order  to  strike  the  sides  of  the 
vessel  with  the  same  force,  the  velocity  of  the  hydrogen  particles  must  be  much 
greater  than  that  of  the  oxygen  particles.  But  if  the  hydrogen  particles  moved  six- 
teen times  as  rapidly  as  the  oxygen  particles,  not  only  would  each  hydrogen  particle 
strike  sixteen  blows  whilst  each  oxygen  particle  was  striking  one  blow,  but  sixteen 
times  as  many  hydrogen  particles  would  deliver  their  blows  in  the  same  time,  and 
we  should  have: 

No.  of  strokes 
Weight.  Velocity.  in  same  time.  Pressure. 

Oxygen,         16         X  1         X  1  =16 

Hydrogen,       1        x  16         X  16  =         16  x    16. 

If,  however,  the  hydrogen  particles  move  with  four  times  the  velocity  of  the 
oxygen  particles,  the  pressure  of  the  gases  will  be  equal,  thus : 

No.  of  strokes 
Weight.  Velocity.  in  same  time.  Pressure. 

Oxygen,  16         x  1  X  1  =16 

Hydrogen,         1         x  4  x  4  =16. 

This  affords  an  illustration  of  the  law  that  the  rates  of  diffusion  of  the  gases  are 
inversely  as  the  square  roots  of  their  relative  weights. 

Kate  of  Diffusion  Eate  of  Diffusion  ._  . 

of  Hydrogen,  of  Oxygen,  ^16     :    VI 

It  has  been  calculated  that  the  actual  velocity  or  rate  of  translation  of  the  particles 
of  hydrogen  amounts  to  6050  feet  per  second. 

When  a  jar  of  hydrogen,  having  its  mouth  turned  upwards,  is  open  to  the  air, 
the  rapid  escape  of  the  hydrogen  is  due,  firstly,  to  its  displacement,  in  consequence 
of  the  heavier  air  falling  into  the  jar,  and,  secondly,  to  the  rapid  motion  or  diffusion 
of  the  particles  of  the  hydrogen,  which  projects  them  out  of  the  mouth  of  the  vessel. 
It  is  found  that  the  escape  due  to  the  first  of  these  causes  may  be  prevented  by 
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FIG.  14. 


dips  about  an  inch  below  the  surface  of  the  water,  a  jar  of  hydrogen  is  held  over  the 

porous  cylinder,  when  the  self-repulsion  of  the  par- 

ticles of  the  gas  is  manifested  by  their  being  forced 

(not  only  out  of  the  mouth  of  the  jar  C,  which  is 

open  at  the  bottom,  but  also)  through  the  pores  of 

the  earthenware  jar,  the  air  from  which  is  violently 

driven  out,  as  if  by  blowing,  through  the  tube,  and 

is   seen   bubbling  up  rapidly  through   the  water. 

When  the  air  has  ceased  to  bubble  out,  and  a  large 

volume  of  hydrogen  has  entered  the  porous  jar,  the 

bell-jar  C  is  removed,  when  the  hydrogen  escapes 

so    rapidly  through    the   pores,  that   a   column   of 

twenty  or  thirty  inches  of  water  is  drawn  rapidly 

up  the  tube  B.     If  the  greatest  height  to  which  the 

water  ascends  be  marked,  and  when  it  has  returned 

to  its  former  level,  a  jar  of  coal-gas  be  held  over 

the  porous  cylinder,  it  will  be  found  that  the  above 

phenomena  are  manifested  in  a  much  lower  degree, 

showing  that  coal-gas,  being  heavier  than  hydrogen, 

does  not  pass  nearly  so  rapidly  through  the   pores 

of  the  earthenware  as  hydrogen  does. 

The  great  difference  in  the  rates  of  diffusion  of 
hydrogen  and  oxygen  may  be  easily  shown  by  the 
arrangement  represented  in  Fig  15.  A,  is  a  jar 
filled  with  a  mixture  of  two  volumes  of  oxygen 
with  one  volume  of  hydrogen,  communicating 
through  the  stop-cock  and  flexible  tube  with  the 
glass  tube  B,  which  is  fitted  through  a  perforated 
cork  in  the  bowl  of  the  common  tobacco  pipe  C, 
the  sealing-waxed  end  of  which  dips  under  water 
in  the  trough  D.  By  opening  the  stop-cock  and 
pressing  the  jar  down  in  the  water,  the  mixed  gases 
may  be  forced  rapidly  through  the  pipe,  and  if  a 
small  cylinder  (E)  be  filled  with  them,  the  mixture 
will  be  found  to  detonate  violently  on  the  approach 
of  a  flame.  But  if  the  gas  be  made  to  pass  very 
slowly  through  the  pipe  (at  the  rate  of  about  a 
cubic  inch  per  minute),  the  hydrogen  will  diffuse 
through  the  pores  of  the  pipe  so  much  faster  than 
the  oxygen,  that  the  gas  collected  in  the  cylinder 
will  contain  so  little  hydrogen  as  to  be  no  longer 
explosive,  and  to  exhibit  the  property  of  oxygen  to 
rekindle  a  partly  extinguished  match. 

If  two  jars  of  the  same  size,  one  made  of  glass, 
and  the  other  of  porous  earthenware,  be  filled  with 

the  explosive  mixture  by  holding  them  over  the  stop-cock  of  the  jar  A,  and  be  then 
closed  with  glass  plates  and  set  aside  for  a  few  seconds,  it  will  be  found  that  the  gas 
in  the  earthen  jar  will  rekindle  a  spark  on  a  match,  whilst  that  in  the  glass  jar  will 
explode. 

14.  Chemical  properties  of  Hydrogen.  —  The  most  conspicuous  chemi- 
cal property  of  hydrogen  is  its  disposition  to  burn  in  air  when  raised 
to  a  moderately  high  temperature,  entering  into  combination  with  the 
oxygen  of  the  air  to  form  water.  The  formation  of  water  during  the 
combustion  of  hydrogen  gave  rise  to  its  name  (udwp,  water). 


On  introducing  a  taper  into  an  inverted  jar  of  hydrogen  (Fig.  16),  the  flame  of 
the  taper  will  be  extinguished,  but  the  hydrogen  will  burn  with  a  pale  flame  at  the 
mouth  of  the  jar,  and  the  taper  may  be  rekindled  at  its  flame  by  slowly  withdraw- 
ing it. 

The  lightness  and  combustibility  of  hydrogen  may  be  illustrated  simultaneously 
by  some  interesting  experiments.  If  two  equal  gas  cylinders  be  filled  with  hydro- 
gen, and  held  with  their  mouths  respectively  upwards  and  downwards,  it  will  be 
found,  on  testing  each  with  a  taper  after  the  same  interval,  that  the  hydrogen  has 
entirely  escaped  from  the  cylinder  held  with  its  mouth  upwards,  whilst  the  other 
still  remains  nearly  filled  w'ith  the  gas. 
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Separation  of  hydrogen  and  oxygen  by  atmolysU.' 

linder  may  be  filled  with  hydrogen  by  displacement  of  air  (Fig.  18),  if  the 
tube  from  the  hydrogen  bottle  be  pawed  up  int"  it. 
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be  proved,  without  risk,  by  placing  a  little  granulated  zinc  in  a  soda-water  bottle, 

pouring  upon  it  some  diluted  sulphuric  acid,  and  quickly  inserting  a  perforated 

cork,  carrying  a  piece  of  glass  tube  about  three  inches  long,  and  one-eighth  of  an 

inch  wide.     If  this  tube  be  immediately  applied  to  a  flame,  the  mixture  of  air  and 

hydrogen  will  explode,  and  the  cork 

and  tube  will  be  projected  to  a  con-  FIG.  19. 

siderable  distance. 

By  inverting  a  small  test-tube 
over  the  jet  in  Fig.  20,  a  specimen 
of  the  hydrogen  may  be  collected, 
and  may  be  kindled  to  see  if  it 
burns  quietly,  before  lighting  the 
jet. 

A  dry  glass,  held  over  the  flame,  will  collect  a  considerable  quantity  of  water, 
formed  by  the  combustion  of  the  hydrogen. 

The  combustion  of  hydrogen  produces  a  greater  heating  effect  than 
that  of  an  equal  weight  of  any  other  combustible  bod}'.  It  has  been 
determined  that  1  gr.  of  hydrogen,  in  the  act  of  combining  with  8  grs. 
of  oxygen,  produces  enough  heat  to  raise  62,031  grs.  of  water  from  32° 
F.  to  33°  F.  (or  34,462  grs.  from  0°  C.  to  1°  C.).  The  temperature  of 
the  hydrogen  flame  is  higher  than  that  of  any  other  single  flame  with 
which  we  are  acquainted.  Notwithstanding  its  high  temperature,  the 
flame  of  hydrogen  is  almost  devoid  of  illuminating  power  on  account  of 
the  absence  of  solid  particles. 

15.  If  a  taper  be  held  several  inches  above  a  cylinder  of  hydrogen, 
standing  with  its  mouth  upwards,  the  gas  will  be  kindled  with  a  loud 
explosion,  because  an  explosive  mixture  of  hydrogen  and  air  is  formed 
in  and  around  the  mouth  of  the  cylinder. 


FIG.  21. 


FIG.  20. 


FIG.  22. 


If  a  stoppered  gas  jar  (Fig.  21)  be  filled  with  hydrogen,  and  supported  upon  three 
blocks,  it  will  be  found,  if  the  hydrogen  be  kindled  at  the  neck  of  the  jar,  that  it 
will  burn  quietly  until  air  has  entered  from  below  in  sufficient  proportion  to  form 
an  explosive  mixture,  which  will  then  explode  with  a  loud  report. 

The  same  experiment  may  be  tried  on  a  smaller  scale,  with  the  two-necked  copper 
vessel  (Fig.  22),  the  lower  aperture  being  opened  some  few  seconds  after  the  hydro- 
gen has  been  kindled  at  the  upper  one. 

The  explosion  of  the  mixture  of  hydrogen  and  air  is  due  to  the  sud- 
den expansion  caused  by  the  heat  generated  in  the  combination  of  the 
hydrogen  with  the  oxygen  throughout  the  mixture.  After  the  explosion 
of  the  mixture  of  hydrogen  and  air  (oxygen  and  nitrogen),  the  sub- 
stances present  are  steam  (resulting  from  the  combination  of  the  h}rdro- 
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When  the  heat  thus  produced  is  sufficient  to  render  the  particles  of 
matter  luminous,  the  act  of  combination  is  styled  combustion. 

(DEFINITION. —  Combustion  is  chemical  combination  attended  with 
heat  and  light.) 

19.  Phosphorus,  the  only  non-metal  which  combines  with  oxygen  at  the 
ordinary  temperature,  affords  a  good  illustration  of  these  propositions. 
This  element,  a  solid  at  the  ordinary  temperature,  is  preserved  in  bottles 
filled  with  water,  on  account  of  the  readiness  with  which  the  oxygen  of 
the  air  combines  with  it.  If  a  small  piece  of  phosphorus  be  dried  by 
gentle  pressure  between  blotting-paper,  and  exposed  to  the  air,  its  par- 
ticles begin  to  combine  at  once  with  oxygen,  and  the  heat  thus  developed 
slightly  raises  the  temperature  of  the  mass. 

Xow,  heat  generally  encourages  chemical  union,  so  that  the  effect  of 
this  rise  of  temperature  is  to  induce  a  more  extensive  combination  of 
the  phosphorus  with  the  oxygen,  causing  a  greater  development  of  heat 
in  a  given  time,  until  the  temperature  is  sufficient  to  render  the  particles 
brilliantly  luminous,  and  a  true  case  of  combustion  results — the  combi- 
nation of  the  phosphorus  with  oxygen,  attended  with  production  of  heat 
and  light. 

(DEFINITION. —  Combustion  in  air  is  the  chemical  combination  of  the 
elements  of  the  combustible  with  the 
oxygen  of  the  air,  attended  with  de-  FlG- 23- 

velopment  of  heat  and  light.) 

If  a  dry  glass  (Fig.  23)  be  placed 
over  the  burning  phosphorus,  the 
thick  white  smoke  which  proceeds 
from  it  may  be  collected  in  the  form 
of  snowy  flakes.  These  flakes  are 
commonly  termed  anhydrous  phospho- 
ric acid,1  and  are  composed  of  80 
parts  by  weight  of  oxygen,  and  62 
parts  of  phosphorus  (Pj,O5). 

If  the  white  flakes  are  exposed  to  the  air  for  a  short  time,  they  attract 
moisture  and  become  little  drops,  which  have  a  very  sour  or  acid  taste. 
It  was  mentioned  at  page  43  that  all  substances  which  have  such  a  taste 
have  been  found  also  to  be  capable  of  changing  the  blue  color  of  litmitx* 
to  red,  whence  the  chemist  is  in  the  habit  of  employing  paper  dyed  with 
blue  litmus  for  the  recognition  of  an  acid.  It  must  be  remembered, 
however,  that  there  are  some  acids  which,  not  being  dissolved  by  water, 
have  neither  a  sour  taste  nor  the  power  of  reddening  litmus,  so  that,  in 
exact  research,  another  mode  of  defining  the  acid  character  of  a  sub- 
stance is  employed.  Ordinary  sand  is  known  to  chemists  as  silicic 
acid,  but,  of  course,  does  not  answer  to  either  of  the  above  tests. 

For  the  exact  definition  of  an  acid  see  page  58. 

During  the  slow  combination  of  phosphorus  with  the  oxygen  of  the 
air,  before  actual  combustion  commences,  only  48  parts  of  oxygen  unite 
with  62  parts  of  phosphorus,  forming  the  substance  called  anhydrous 
phosphorous  acid  (P2O3). 

with  the  acid  is  consumed  in  converting  the  carbonic  acid  from  the  solid  chalk  into  a  gas.  To  explain 
the  manifestation  of  heat  in  the  act  of  chemical  combination  falls  within  the  province  of  the  phy>i- 
cist  rather  than  of  the  chemist.  Modern  writers  attribute  it  to  the  motion  of  the  molecules  which 
compose  the  combining  masses. 

1  Anhydrous,  or  without  water,  from  av,  negative,  and  vfotp,  water. 

a  A  coloring  matter,  prepared  from  a  lichen,  Rocella  tinctoria ;  the  cause  of  the  change  of  color  will 
be  more  easily  understood  hereafter. 
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soon  melts ;  and  as  soon  as  its  temperature  reaches  500°  F.  it  takes  fire, 
burning  with  a  pale  blue  flame.  If  the  burning  sulphur  be  plunged  into 
a  jar  of  oxygen,  the  blue  light  will  become  very  brilliant,  but  the  same 
act  of  combination  takes  place — 32  parts  by  weight  of  oxygen  uniting 
with  32  parts  of  sulphur  to  form  sulphurous  acid  gas  (SO2),  which  may 
be  recognized  in  the  jar  by  the  well-known  suffocating  smell  of  brim- 
stone matches. 

The  experiment  is  most  conveniently  performed  by  heating  the  sul- 
phur in  a  deflagrating  spoon  (A,  Fig.  26),  which  is  then  plunged  into  the 
jar  of  oxygen,  its  collar  (B)  resting  upon 
the  neck  of  the  jar,  which  stands  in  a  plate  Fm  26- 

containing  a  little  water.  The  water  ab- 
sorbs a  part  of  the  sulphurous  acid  gas, 
and  will  be  found  capable  of  strongly  red- 
dening litmus-paper.  It  is  possible  to  pro- 
duce, though  not  by  simple  combustion,  a 
compound  of  sulphur  with  half  as  much 
more  oxygen  (SO3,  anhydrous  sulphuric 
acid),  showing  that  a  substance  does  not 
always  take  up  its  full  share  of  oxygen 
when  burnt. 

The  luminosity  of  the  flame  of  sulphur 
is  far  inferior  to  that  of  phosphorus,  be- 
cause, in   the  former  case,  there   are    no          Sulphur  burning  in  oxygen. 
minute    solid    particles    in    the  flame  cor- 
responding to  those  of  the  phosphoric  acid  produced  in  the  combustion 
of  phosphorus,  and  no  flame  can  emit  a  brilliant  light  unless  it  contains 
solid  matter  heated  to  incandescence. 

21.  Carbon,  also  a  non-metallic  element,  requires  the  application  of  a 
higher  temperature  than  sulphur  to  induce  it  to  enter  into  direct  union 
with  oxygen;  indeed,  perfectly  pure  carbon  appears  to  require  a  heat 
approaching  whiteness  to  produce  this  effect.     But  charcoal  (the  carbon 
in  which  is  associated  with  not  inconsiderable  proportions  of  hydrogen 
and  oxygen)  begins  to  burn  in  air  at  a  much  lower  temperature  ;  and  if 
a  piece  of  wood  charcoal,  with  a  single  spot  heated  to  redness,  be  lowered 
into  a  jar  of  oxygen,  the  adjacent  particles  will  soon  be  raised  to  the 
combining  temperature,  and  the  whole  mass  will  glow  intensely,  32  parts 
by  weight  of  oxygen  uniting  with  12  parts  of  carbon  to  form  carbonic 
acid  (CO2)  gas,  which  will  redden  a  piece  of  moistened  blue  litmus-paper 
suspended  in  the  jar,  though  much  more  feebly  than  either  sulphurous  or 
phosphoric  acid,  because  it  is  a  much  weaker  acid.     It  should  be  remem- 
bered that  carbon  is  an  essential  constituent  of  all  ordinary  fuel,  and 
carbonic  acid  is  always  produced  by  its  combustion. 

It  will  be  noticed  that  the  combustion  of  the  charcoal  is  scarcely 
attended  with  flame ;  and  when  pure  carbon  (diamond,  for  example)  is 
employed,  no  flame  whatever  is  produced  in  its  combustion,  because 
carbon  is  not  convertible  into  vapor,  and  all  flame  is  vapor  or  gas  in  the 
act  of  combustion  ;  hence,  only  those  substances  burn  with  flame  which 
are  capable  of  yielding  combustible  gases  or  vapors. 

22.  The  three  examples  of  sulphur,  phosphorus,  and  carbon   suffi- 
ciently illustrate  the  tendency  of  non-metals  to  form  acids  by  union 
with  oxygen,  which  originally  led  to  the  adoption  of  its  name,  derived 
from  ozuq,  acid,  and  ^ewotw,  I  produce.     All  the  non-metallic  elements, 
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to  enter  into  combination  with  oxygen  at  the  ordinary  temperature,1  but 
which  is  induced  to  unite  with  it  by  a  very  moderate  heat.  If  a  little 
zinc  (spelter)  be  melted  in  a  ladle  or  crucible,  and  stirred  about  with  an 
iron  rod,  it  burns  with  a  beautiful  greenish  flame  produced  by  the  union 
of  the  vapor  of  zinc  with  the  oxygen  of 
the  air.  I>ut  the  combustion  is  far  more  FIG.  27. 

brilliant  if  a  piece  of  zinc-foil  be  made 
into  a  tassel  (Fig.  27),  gently  warmed  at 
the  end,  dipped  into  a  little  flowers  of 
sulphur,  kindled,  and  let  down  into  a  jar 
of  ox}rgen,  when  the  flame  of  the  burning 
sulphur  will  ignite  the  zinc,  which  burns 
with  great  brilliancy.  On  withdrawing 
what  remains  of  the  tassel  after  the  com- 
bustion is  over,  it  will  be  found  to  con- 
sist of  a  friable'2  mass,  which  has  a  fine 
yellow  color  while  hot,  and  becomes  zinc  burning  in  oxygen, 

white  as  it  cools.     This  is  the  oxide  of 

zinc  (ZnO),  formed  by  the  union  of  1C  parts  by  weight  of  oxygen  with 
65  parts  of  zinc. 

The  oxide  of  zinc  does  not  possess  the  properties  of  an  acid  or  an 
alkali,  but  belongs  to  another  class  of  compounds  termed  bases,  which 
are  not  soluble  in  water  as  the  alkalies  are,  but,  like  them,  are  capable 
of  neutralizing,  either  partly  or  entirely,  the  acids.  Thus,  if  the  oxide 
of  zinc  were  added  to  diluted  sulphuric  acid  as  long  as  the  acid  would 
dissolve  it,  the  well-known  corrosive  properties  of  the  acid  would  be  de- 
stroyed, although  it  would  still  retain  the  power  of  reddening  blue  litmus, 
and  the  solution  would  now  contain  a  new  substance,  or  salt,  called  sul- 
phate of  zinc  (ZnO.SO3). 

(DEFINITION — A  base  is  a  compound  body  which  is  capable  of  neu- 
tralizing an  acid,  either  partly  or  entirely.) 

It  will  be  observed  that  an  alkali  is  only  a  particular  species  of  base, 
and  might  be  defined  as  a  base  which  is  very  soluble  in  water. 

(DEFINITION. — A  salt  is  a  compound  body  containing  an  acid  in  com- 
bination with  a  base,  or  a  metal  in  combination  with  a  salt-radical*  Ex- 
amples.—  Carbonate  of  soda  (Na2O.C02),  composed  of  carbonic  acid 
(CO2)  and  soda  (Na2O);  Chloride  of  sodium  (NaCl),  composed  of  the 
metal  sodium  and  the  salt-radical  chlorine.) 

(DEFINITION. — A  salt-radical  or  halogen  is  a  substance  which  forms 
an  acid  when  combined  with  hydrogen.  Examples — Chlorine,  which 
forms  hydrochloric  acid  (HC1);  Cyanogen  (CN),  which  forms  hydro- 
cyanic acid  (HCN).) 

25.  Iron,  in  its  ordinary  form,  like  zinc,  is  not  oxidized  by  dry  air  or 
oxygen  at  the  ordinary  temperature ;  but  if  it  be  heated  even  to  only 
500°  F.  a  film  of  oxide  of  iron  forms  upon  its  surface,  and  as  the  heat 
is  increased  the  thickness  of  the  film  increases,  until  eventually  it  be- 
comes so  thick  that  it  can  be  detached  by  hammering  the  surface,  as 
may  be  seen  in  a  smith's  forge.  If  an  iron  rod  as  thick  as  the  little 
finger  be  heated  to  whiteness  at  the  extremity,  and  held  before  the  nozzle 
of  a  powerful  bellows,  it  will  burn  brilliantly,  throwing  off  sparks  and 

1  Unless  water  and  carbonic  acid  be  present,  as  in  common  air. 
8  Friable,  easily  crumbled  or  disintegrated. 

3  Salts  of  this  description  are  termed  haloid  salts,  because  they  belong  to  the  same  class  as  sea-salt 
(NaCl),  from  «Xj,  the  sea. 
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by  non-metals  or  metals;  thus  water  (HaO),  the  oxide  of  hydrogen,  is 
an  indifferent  oxide,  and  the  black  oxide  or  binoxide  of  manganese 
(MnO2)  is  an  example  of  an  indifferent  metallic  oxide. 

27.  Preparation  of  Oxygen. — For  almost  all  the  useful  arts  in  which 
uncombined  oxygen  is  required,  the  diluted  gas  contained  in  atmos- 
pheric air  is  sufficient,  since  the  nitrogen  mixed  with  it  does  not  inter- 
fere with  its  action. 

From  atmospheric  air  pure  oxygen  was  first  obtained  by  Lavoisier 
towards  the  end  of  the  last  century.  His  process  is  far  too  tedious  to 
be  employed  as  a  general  method  of  preparing  oxygen,  but  it  affords  a 
very  good  example  of  the  relation  of  heat  to  chemical  attraction.  Some 
mercury  was  poured  into  a  glass  flask  with  a  long  narrow  neck,  which 
was  placed  in  a  sand-bath,  so  that  its  temperature  might  be  constantly 
maintained  at  about  660°  F.  for  several  weeks.  The  mercury  boiled, 
and  a  portion  of  it  was  converted  into  vapor,  which  condensed  in  the 
neck  of  the  flask  and  ran  back  again.  Eventually  the  mercuiy  was  con- 
verted into  a  red  powder,  having  combined  with  the  oxygen  of  the  air 
(or  undergone  oxidation}  to  form  the  red  oxide  of  mercury.  The  ni- 
trogen of  the  air  does  not  enter  into  combination  with  the  mercury. 

By  heating  this  oxide  of  mercury  to  a  temperature  approaching  a  red 
heat  (about  1000°  F.)  it  is  decomposed  into  mercury  and  oxygen  gas 
(HgO  =  Hg  +  0). 

It  is  very  generally  found,  as  in  this  instance,  that  heat  of  moderate 
intensity  will  favor  the  operation  of  chemical  attraction,  whilst  a  more 
intense  heat  will  annul  it. 

For  the  purpose  of  experimental  demonstration,  the  decomposition  of  the  oxide 
of  mercury  may  be  conveniently  effected  in  the  apparatus  represented  by  Pig.  29, 
where  the  oxide  is  placed  in  the  German  glass  tube  A,  and  heated  by  the  Bunsen's 

FIG.  29. 


Preparation  of  oxygen  from  oxide  of  mercury. 

gas-burner  B,  the  metallic  mercury  being  condensed  in  the  bend  C,  and  the  oxygen 
gas  collected  in  the  gas  cylinder  D,  filled  with  water,  and  standing  upon  the  bee-hive 
shelf  of  the  pneumatic  trough  E.  It  may  be  identified  by  its  property  of  kindling 
into  flame  the  spark  left  at  the  end  of  a  wooden  match.  If  the  heat  be  continued 
for  a  sufficient  length  of  time,  the  whole  of  the  oxide  of  mercury  will  disappear, 
being  resolved  into  its  elements.  In  technical  language,  the  mercury  is  said  to  be 
reduced. 

Upon  the  first  application  of  heat,  the  red  oxide  suffers  a  physical  change,  in  con- 
sequence of  which  it  becomes  black  ;  but  its  red  color  returns  again  if  it  be  allowed 
to  cool. 

A  much  cheaper  process  for  obtaining  unmixed  oxygen  from  the  air 
is  now  employed  upon  the  large  scale.  It  depends  upon  the  principle 
that  the  oxides  of  manganese,  when  heated  in  contact  with  alkalies  and 
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it  is  known  to  chemists  as  binoxide  of  manganese  (MnO2),  and  to  miner- 
alogists by  several  names  designating  different  varieties.  The  most 
significant  of  these  names  is  pyrolusite,  referring  to  the  facility  with 
which  it  may  be  decomposed  by  heat  (~t»/>,  fire,  and  Auo>,  to  loosen). 

One  of  the  cheapest  methods  of  preparing  oxygen  consists  in  heating 
small  fragments  of  this  black  oxide  of  manganese  in  an  iron  retort, 
placed  in  a  good  fire,  the  gas  being  collected  in  jars  filled  with  water, 
and  standing  upon  the  shelf  of  the  pneumatic  trough,  or  in  a  gas-holder 
or  gas-bag,  if  larger  quantities  are  required. 

The  attraction  existing  between  manganese  and  oxygen  is  too  power- 
ful to  allow  the  metal  to  part  with  the  whole  of  its  oxygen  when  heated, 
so  that  only  one-third  of  the  oxygen  is  given  off  in  the  form  of  gas,  a 
brown  oxide  of  manganese  being  left  in  the  retort.1 

29.  By  far  the  most  convenient  source  of  oxygen,  for  general  use  in 
the  laboratory,  is  the  artificial  salt  called  chlorate  of  potash,  which  is 
largely  manufactured  for  fireworks,  per- 
cussion-cap composition,  &c.     If  a  few  FIG.  31. 
crystals  of  this  salt  be  heated  in  a  test- 
tube  over  a  spirit-lamp  (Fig.  31),  it  soon 
melts  to  a  clear  liquid,  which  presently 
begins  to  boil  from  the  disengagement 
of  bubbles  of  oxygen,  easily  recognized 
by  introducing  a  match  with  a  spark  at 
the  end  into  the  upper  part  of  the  tube. 
If  the  action  of  heat  be  continued  until 
no  more  oxygen  is  given  off,  the  residue 
in  the  tube  will  be  the  salt  termed  chlo- 
ride of  potassium.2 

KC103  KC1         +         03. 

Chlorate  of  potash.        Chloride  of  potassium. 

To  ascertain  what  quantity  of  oxygen  would  be  furnished  by  a  given  weight  of 
chlorate  of  potash,  the  combining  weights  must  be  brought  into  use.  Referring  to 
the  table  of  atomic  weights,  it  is  found  that  K  =  39,  O  =  16,  and  Cl  =  35.5, 
hence  the  molecular  weight  of  chlorate  of  potash  is  easily  calculated. 

One  atomic  weight  of  potassium,  .         .         .39 

"  "  chlorine,  .         .         .     355 

Three  atomic  weights  of  oxygen,  .         .         .48 

KC1O3  =  122.5 

So  that  122.5  grains  of  chlorate  of  potash  would  yield  48  grains  of  oxygen. 

Since  16  grs.  of  oxygen  measure  46  7  cubic  inches  (p.  54),  the  48  grains  will 
measure  140  cubic  inches. 

Hence  it  is  found  that  122.5  grains  of  chlorate  of  potash  would  give  140  cub.  in. 
of  oxygen  measured  at  60°  F.  and  30  in  Bar. 

If  one  gallon  (277.276  cub.  in.)  of  oxvgen  be  required,  242.6  grains  of  chlorate  of 
potash  must  be  used,  or  rather  more  than  half  an  ounce. 

Since  the  complete  decomposition  of  the  chlorate  of  potash  alone  re- 
quires a  more  intense  heat  than  a  glass  vessel  will  usually  endure,  it  is 
customary  in  preparing  oxygen  for  chemical  purposes  to  facilitate  the 

1  Expressed  in  the  form  of  an  equation :  SMnO.,  Mn3O4        -f     Oa  . 

Black  oxide  of          Brown  oxide  of 
manganese,  manganese. 

3  The  oxygen  contained  in  the  chlorate  of  potash  was  derived  from  the  lime  employed  in  its  manu- 
facture (see  Preparation  of  Chlorate  of  Potash;.  Its  original  source,  therefore,  was  limestone. 
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with  it,  which  will  ascend  rapidly  in  the  air,  and  explode  violently  when  touched 
with  a  flume,  which  must  not,  of  course,  be  applied  to  the  bubble  until  it  is  at  some 
distance  away  from  the  tube,  for  fear  of  exploding  the  mixture  in  the  jar. 

31.  In  order  to  demonstrate  the  production  of  water  in  the  explosion,  the  Caven- 
dish eudiometer1  (Fig.  34)  is  employed.     This  is  a  strong  glass  vessel,  with  a  stopper 

FIG.  33. 


firmly  secured  by  a  clamp  (A),  and  provided  with  two  platinum  wires  (P),  which 
pass  through  the  stopper,  and  approach  very  near  to  each  other  within  the 
eudiometer,  so  that  the  electric  spark  may  easily  be  passed  between  them.  By 
screwing  the  stop-cock  B  into  the  plate  of  an  air-pump,  the  eudiometer  may  be 
exhausted.  It  is  then  screwed  on  to  the  jar  represented  in  Fig.  35,  which  contains 


FIG.  35. 


FIG.  34. 


a  mixture  of  two  measures  of  hydrogen  with  one  measure  of  oxygen  standing  over 
water.  On  opening  the  stop-cocks  between  the  two  vessels,  the  eudiometer  becomes 
filled  with  the  mixture,  and  the  quantity  which  has  entered  is  indicated  by  the  rise 
of  the- water  in  the  jar.  The  glass  stop-cock  C  having  been  closed,  to  prevent  the 
brass  cap  from  being  forced  off  by  the  explosion,  the  eudiometer  is  again  screwed  on 
to  its  foot,  and  an  electric  spark  passed  between  the  platinum  wires,  either  from  a 
Leyden  jar  or  an  induction  coil,  when  the  two  gases  will  combine  with  a  vivid  flash 
of  light,2  attended  with  a  very  slight  concussion,  since  there  is  no  collision  with  the 


1  So  named  from  £w5<oj,  fine  or  clear,  and  nerpoi/,  a  measure,  because  an  instrument  upon  the  same 
principle  lias  been  used  to  determine  the  degree  of  purity  of  the  atmosphere.  The  eudiometer  was 
employed  by  Cavendish  about  the  year  1770,  for  the  synthesis  of  water. 

3  Since  the  steam  produced  at  the  moment  of  combination  is  here  prevented  from  expanding,  the 
heat  which  would  have  expanded  it  is  saved,  so  that  the  temperature  is  higher  and  the  flash  of 
light  brighter  than  when  the  combination  is  effected  in  an  open  vessel. 
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FIG.  37. 


electric  spark,  the  volume  of  gas  which  has  disappeared  (2  vols.  H  +  1 
vol.  ())  has  only  to  be  divided  by  three  to  give  the  volume  of  the 
oxygen. 

A  bent  eudiometer  (Fig.  37)  is  generally  employed  for  this  purpose.  Having  been 
completely  filled  with  water,  it  is  inverted  in  the  trough,  and  the  specimen  of  air 
is  introduced  (say  0.5  cubic  inch).  The  open  limb  is  then  closed  by  the  thumb,  and 
the  eudiometer  turned  so  as  to  transfer  the  air  to  the  closed 
limb.  A  stout  glass  rod  is  thrust  down  the  open  limb,  so  as 
to  displace  enough  water  to  equalize  the  level  in  both  limbs, 
in  order  that  the  volume  of  the  air  may  not  be  diminished 
by  the  pressure  of  a  higher  column  of  water  in  the  open 
limb.  The  volume  of  the  included  air  h.aving  been  accu- 
rately noted,  the  open  limb  of  the  tube  is  again  filled  up 
with  water,  inverted  in  the  trough,  and  a  quantity  of  hy- 
drogen introduced,  equal  to  about  half  the  volume  of  the  air. 
This  having  been  transferred,  as  before,  to  the  closed  limb, 
the  columns  of  water  are  again  equalized,  and  the  volume  of 
the  mixture  of  air  and  hydrogen  ascertained.  Theopen  limb 
is  now  firmly  closed  with  the  thumb,  and  the  electric  spark 
passed  through  the  mixture,  either  from  the  Leyden  jar  or 
the  induction  coil.  On  removing  the  thumb,  after  the  ex- 
plosion, the  volume  of  gas  in  the  closed  limb  will  be  found 
to  have  diminished  very  considerably.  Enough  water  is 

poured  into  the  open  limb  to  equalize  the  level,  and  the  volume  of  gas  is  observed. 
If  this  volume  be  subtracted  from  the  volume  before  explosion,  the  volume  of  gas 
which  has  disappeared  will  be  ascertained,  and  one-third  of  this  will  represent  the 
oxygen,  which  has  condensed  with  twice  its  volume  of  hydrogen  into  the  form  of 
water.  Thus  the  numbers  recorded  will  be, 


Siphon  eudiometer. 


Volume  of  air  analyzed, 

Volume  of  air  mixed  with  hydrogen, 
After  explosion,     .... 


.     0.50  cub.  in. 

.     0.75         » 
.     0  45         » 


^Difference,      | 30        « 

.30,  divided  by  3  =  .10  cub.  in.  of  oxygen. 

It  is  evident  that  the  volume  of  hydrogen  contained  in  a  gas  might 
be  ascertained  in  a  similar  manner,  by  exploding  with  oxygen,  and 
taking  two-thirds  of  the  gas  which  had  disappeared  in  the  form  of  water 
to  represent  the  volume  of  hydrogen. 

In  exact  experiments,  a  correction  would  be  required  for  any  varia- 
tion of  the  temperature  or  barometric  pressure  during  the  progress  of 
the  analysis. 

33.  It  will  have  been  observed,  in  the  experiment  upon  the  s}rnthesis 
of  water  in  the  Cavendish  eudiometer,  that  the  volume  of  water  obtained 
is  very  small  in  comparison  with  that  of  the  gases  before  combination, 
nearly  2600  volumes  of  the  mixed  gases  being  required  to  form  one  vol- 
ume of  the  liquid.  But  it  is  evident  that  no  comparison  can,  with  pro- 
priety, be  made  between  the  volume  of  a  compound,  in  the  liquid  or 
solid  state,  and  that  of  its  components  in  the  gaseous  state,  since  the 
particles  of  the  former  are  under  the  influence  of  the  cohesive  force  from 
which  those  of  the  latter  are  free.  For  the  purposes  of  such  a  com- 
parison the  volume  of  the  compound  body  must  be  taken  under  precisely 
the  same  physical  conditions  as  the  volume  of  its  components. 

If  the  mixture  of  hydrogen  and  oxygen  be  measured  and  exploded  at 
a  temperature  above  the  boiling-point  of  water,  it  is  found  that  the  steam 
produced  occupies  two-thirds  of  the  volume  of  the  mixed  gases,  measured 
at  the  same  temperature  and  atmospheric  pressure.  Hence,  two  volumes 
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from  its  condensing-point.  Hence  it  appears  that  equal  volumes  of  steam 
and  hydrogen  contain  the  same  number  of  molecules  or  ultimate  physical 
atoms. 

(1.)  Suppose  Y  volumes  of  steam  to  contain  M  molecules, 

(2.)  Then  V  volumes  of  hydrogen  contain  M  molecules ; 

(3.)  But  M  molecules  of  steam  contain  2  M  atoms  of  hydrogen ; 

(4.)  Therefore  (by  1),  Y  volumes  of  steam  contain  2  M  atoms  of 

hydrogen. 

(5.)  But  Y  volumes  of  steam  contain  Y  volumes  of  hydrogen  ; 
(6.)  Therefore,  Y  volumes    of    hydrogen   contain    2    M    atoms    of 

hydrogen, 

(7.)  And  (by  2)  Y  volumes  of  hydrogen  contain  M  molecules ; 
(8.)  Therefore,  2  M  atoms  of  hydrogen  =  M  molecules, 
or  2  atoms  of  hydrogen       =  1  molecule. 

63'  precisely  similar  reasoning  it  may  be  shown  that  the  molecule,  or 
smallest  conceivable  physical  particle  of  oxygen,  must  be  composed  of 
2  atoms  of  oxygen.  Hence,  the  important  conclusion  is  arrived  at  that 
the  molecule  or  ultimate  physical  particle  of  matter,  whether  elementary 
or  compound,  occupies,  in  the  state  of  gas  or  vapor,  twice  the  volume 
occupied  by  an  atom  of  hydrogen.  Thus, 

Volume.  Weight. 

Atom  of  hydrogen  =     H  =  1  =  1 

Atom  of  oxygen  =0  =  1  =  16 

Molecule  of  hydrogen  =     H2  =  2  =  2 

.Molecule  of  oxygen  =     02  =  2  =  32 

Molecule  of  steam  =     H00  =  2  =  18 


Since  the  molecule  of  a  compound  body  in  the  state  of  gas  or  vapor 
occupies  2  volumes,  and  the  specific  gravity  is  the  weight  of  I  volume, 
half  the  molecular  weight  of  a  compound  gas  or  vapor  will  give  its  specific 
gravity  referred  to  hydrogen  as  the  standard. 

Thus,  the  molecular  weight  of  steam  being  18,  its  specific  gravity 
(H  =  1)  would  be  9. 

If  the  specific  gravity  in  relation  to  air  be  required,  it  may  be  obtained 
by  multiplying  the  specific  gravity  referred  to  hydrogen  by  0.0692, 
which  represents  the  specific  gravity  of  hydrogen  referred  to  air  as  the 
unit. 

The  above  considerations  help  to  explain  the  indisposition  of  hydro- 
gen and  oxygen  to  combine  at  the  ordinary  temperature,  for  the  mole- 
cule of  hydrogen  (H2)  combines  with  the  atom  of  oxygen,  so  that  the 
two  atoms  of  this  element  which  are  contained  in  the  molecules  must  be 
separated  in  order  to  combine  with  the  hydrogen. 

34.  The  synthesis  of  water  by  weight  cannot  be  effected  with  accuracy 
by  weighing  the  gases  themselves,  on  account  of  their  large  volume.  It 
is,  therefore,  accomplished  by  passing  an  indefinite  quantity  of  hydrogen 
over  a  known  weight  of  pure  hot  oxide  of  copper,  when  the  hydrogen 
combines  with  the  oxygen  of  the  oxide  to  form  water.  The  loss  of 
weight  suffered  by  the  oxide  of  copper  gives  the  amount  of  oxygen  ;  and 
if  this  be  deducted  from  the  weight  of  the  water,  that  of  the  hydrogen 
will  be  ascertained. 

The  apparatus  employed  for  this  purpose  is  represented  in  Fig.  39.  h  is  the  bottle 
in  which  hydrogen  is  generated  from  diluted  sulphuric  acid  and  zinc;  the  gas 
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Oxyhydrogen  blowpipe. 


The  oxyhydrogen  blowpipe  (Fig.  41)  is  an  apparatus  for  burning  a  jet  of  hydrogen, 
mixed  with  half  its  volume  of  oxygen.  The  gases  are  supplied  from  separate  gas- 
holders (or  bugs  with  pressure-boards  and  weights)  through  the  tubes  H  and  O, 
which  conduct  them  into  the  brass  sphere  B.  Each 
of  these  tubes  is  provided  with  a  valve  of  oiled  silk 
opening  outwards,  so  as  to  prevent  the  passage  of 
either  gas  into  the  receptacle  containing  the  other. 
The  tube  A  is  stuffed  with  thin  copper  wires,  which 
would  rapidly  conduct  away  the  heat  and  extinguish 
the  flame  of"  the  mixed  gases  burning  at  the  jet, 
should  it  tend  to  pass  back  and  ignite  the  mixture 
in  B.  The  stop-cocks  D  and  E  allow  the  flow  of  the 
gases  to  be  regulated  so  that  they  may  mix  in  the 
right  proportions.  If  the  hydrogen  be  kindled  first, 
is  will  be  found  that,  as  soon  as  the  oxygen  is  turned 
on,  the  flame  is  reduced  to  a  very  much  smaller 
volume,  because  the  undiluted  oxygen  required  to 
maintain  it  occupies  only  one-fifth  of  the  volume  of 
the  atmospheric  air  from  which  the  hydrogen  was  at 
first  supplied  with  oxygen.  The  heat  developed  by  the  combustion  being  therefore 
distributed  over  a  much  smaller  area,  the  temperature  at  any  given  point  of  the 
flame  must  be  much  higher,  and  very  few  substances  are  capable  of  enduring  it 
without  fusion.1  Lime  is  one  of  these;  and  if  a  cylinder  of  lime  be  supported,  as 
at  L,  Fig.  41,  in  the  focus  of  the  flame,  its  particles  become  heated  to  incandescence, 
and  a  light  is  obtained  which  is  visible  at  night  from  very  great  distances,  so  as  to 
be  well  adapted  for  signalling  and  lighthouses.  For 
such  purposes  coal-gas  is  often  used  instead  of  hydro- 
gen  (oxycalcium  light). 

If  a  shallow  cavity  be  scooped  in  a  lump  of  quick- 
lime, a  few  scraps  of  platinum  placed  in  it,  and  ex- 
posed to  the  oxyhydrogen  flame  (Fig.  42),  a  fused 
globule  of  platinum  of  very  considerable  size  may  be 
obtained  in  a  few  seconds.  By  employing  a  little 
furnace  made  of  lime,  Deville  has  succeeded  in  fusing 
platinum  in  quantities  sufficient  to  cast  large  ingots, 

a  result  unattainable  by  any  other  furnace.  Pipe-clay,  which  resists  the  action  of 
all  ordinary  furnace-heats,  may  be  fused  into  a  glass  in  this  flame,  whilst  gold  and 
silver  are  instantaneously  melted,  and  vaporized  into  a  dense  smoke. 

37.  In  its  chemical  relations  to  other  elements,  hydrogen  is  diametri- 
cally opposed  to  oxygen.  Whereas  the  latter  combines  directly  with 
the  greater  number  of  the  elements,  hydrogen  will  enter  into  direct 
combination  with  very  few;  oxygen,  chlorine,  bromine,  iodine,  carbon, 
and  sulphur  (the  three  last  with  difficulty),  are  the  only  elements  which 
unite  in  a  direct  manner  with  hydrogen,  and  of  these  only  chlorine  and 
bromine  combine  with  hydrogen  at  the  ordinary  temperature,  though 
not  without  exposure  to  light.  Again,  whilst  fluorine  is  not  known  to 
form  any  compound  with  oxygen,  its  combination  with  hydrogen  (hydro- 
fluoric acid)  is  one  of  the  most  stable  compounds  known,  and  it  may  be 
safely  asserted  that  fluorine  in  the  free  state  would  combine  with  hydro- 
gen even  more  readily  than  chlorine  does.  All  the  metals  form  com- 
pounds with  oxygen,  but  very  few  combinations  of  metals  with  hydrogen 
have  been  obtained.  Indeed,  in  its  relations  to  other  elements,  hydro- 
gen closely  resembles  the  metals,  though  it  does  not  fall  within  the 
definition  of  a  metal  given  above,  since  it  does  not  form  a  base  with 
oxygen,  and  its  combinations  with  the  salt  radicals  (chlorine,  &c.)  are 
acids,  and  not  salts. 

In  the  course  of  some  experiments  upon  the  power  possessed  by 
metals  of  absorbing  (or  occluding)  gases  at  high  temperatures  and 
retaining  them  after  cooling,  Graham  found  that  the  metal  palladium 


The  temperature  of  this  flame  has  been  estimated  at  about  14,000°  F. 
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As  a  general  rule,  solids  are  dissolved  more  quickly  and  in  larger 
quantity  by  hot  water  than  by  cold. 

One  of  the  commonest  methods  of  crystallizing  a  solid  substance  con- 
sists in  dissolving  it  in  hot  water,  and  allowing  the  solution  to  cool  slowly. 
The  more  slowly  it  cools,  the  larger  and  more  symmetrical  are  the  crys- 
tals. A  hot  saturated  solution  is  not  generally  the  best  for  crystallizing, 
because  it  deposits  the  dissolved  body  too  rapidly.  Thus,  the  hot  solu- 
tion of  saltpetre  prepared  as  above  would  solidify  to  a  mass  of  minute 
crystals  on  cooling;  but  if  1000  grs.  of  saltpetre  be  dissolved  in  4  meas- 
ured ounces  of  boiling  water,  it  will  form  crystals  of  two  or  three  inches 
long  when  slowly  cooled  (in  a  covered  vessel).  If  the  solution  be  stirred 
while  cooling,  the  crystals  will  be  very  minute,  having  the  appearance 
of  a  white  powder. 

Some  solids,  however,  refuse  to  crystallize,  even  from  a  hot  saturated 
solution,  if  it  be  kept  absolutely  undisturbed. 

Sulphate  of  soda  affords  a  good  example  of  this.  If  the  crystallized  sulphate  be 
added  to  boiling  water  in  a  flask,  as  long  as  it  is  dissolved,  the  water  will  take  into 
solution  more  than  twice  its  weight  of  the  salt,  yielding  a  solution  which  boils  at 
220°  F.  If  this  solution  be  allowed  to  cool  in  the  open  flask,  an  abundant  crystalli- 
zation will  take  place,  for  cold  water  will  dissolve  onlv  about  one-third  of  its  weight 
of  crystallized  sulphate.  But  if  the  flask  (which  should  be  globular)  be  tightly 
corked  whilst  the  solution  is  boiling,  it  may  be  kept  for  several  days  without  crys- 
tallizing, although  moved  about  from  one  place  to  another.  In  this  condition  the 
solution  is  said  to  be  supersaturated.  On  withdrawing  the  cork,  the  air  entering 
the  partly  vacuous  space  above  the  liquid  will  be  seen  to  disturb  the  surface  slightly, 
and  from  that  point  beautiful  prismatic  crystals  will  shoot  through  the  liquid  until 
the  whole  has  become  a  nearly  solid  mass.  A  considerable  elevation  of  temperature 
is  observed,  consequent  upon  the  passage  from  the  liquid  to  the  solid  form.  If  the 
solution  of  sulphate  of  soda  be  somewhat  weaker,  containing  exactly  two-thirds  of 
its  weight  of  the  crystals,  it  may  be  cooled  without  crystallizing,  even  in  vessels 
covered  with  glass  plates,  but  a  touch  with  a  glass  rod  will  start  the  crystallization 
immediately.1 

Minute  solid  particles  (nuclei)  derived  from  the  air  appear  to  be  instrumental  in 
causing  the  crystallization  of  supersaturated  solutions.  If  the  solution  of  sulphate 
of  soda  containing  two-thirds  of  its  weight  of  the  crystallized  salt  be  allowed  to 
cool  in  a  flask  closed  by  a  cork  furnished  with  two  tubes  closed  with  plugs  of  cotton- 
wool, it  will  be  found  that  on  withdrawing  the  plugs  and  blowing  air  through  one 
of  the  tubes  dipping  into  the  solution,  crystallization  does  not  take  place,  apparently 
because  the  air  has  been  deprived  of  the  particles  capable  of  causing  it ;  for  if  air 
be  blown  through  the  same  solution  with  the  bellows,  it  solidifies  almost  instantane- 
ously. 

A  most  beautiful  illustration  of  the  power  of  unfiltered  air  to  start  crystallization 
is  afforded  by  a  solution  of  alum  which  has  been  saturated  at  194°  P.,  and  allowed 
to  cool  in  a  flask,  the  mouth  of  which  is  closed  by  a  plug  of  cotton-wool.  In  this 
state  it  may  be  kept  for  weeks  without  crystallizing,  button  withdrawing  the  plug, 
crystallization  will  be  seen  to  commence  at  a  few  pointy  on  the  surface  immediately 
under  the  opening  of  the  neck,  and  will  spread  slowly  from  these,  octahedral  crys- 
tals of  alum  of  half  an  inch  or  more  in  diameter  being  built  up  in  a  few  seconds, 
the  temperature,  at  the  same  time,  rising  very  considerably. 

In  the  laboratory,  stirring  is  always  resorted  to  in  order  to  induce  crystallization, 
if  it  does  not  take  place  spontaneously.  Thus  it  is  usual  to  test  for  potash  in  a  so- 
lution by  adding  tartaric  acid,  which  should  cause  the  formation  of  minute  crys- 
tals of  bitartrate  of  potash  (cream  of  tartar),  but  the  test  seldom  succeeds  unless  the 
solutions  are^briskly  stirred  together  with  a  glass  rod.  An  amusing  illustration  of 
this  is  afforded  by  pouring  a  solution  of  tartaric  acid  into  a  solution  of  saltpetre, 
and  allowing  the  clear  mixture  to  run  over  a  large  plate  of  glass.  Letters  traced 
on  the  glass  with  the  finger  will  now  be  rendered  visible  by  the  deposition  of  the 
crystals  of  bitartrate  of  potash  upon  the  glass. 

39.  The  crystals  of  sulphate  of  soda  produced  in  the  above  experi- 

1  It  is  very  remarkable  that,  if  the  glass  rod  has  been  recently  heated,  it  will  not  cause  the  crystal- 
li/ation  even  after  it  has  been  cool  for  some  time. 
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Some  salts  have  so  great  a  tendency  to  combine  with  water,  that  they 
become  moist  or  deliquesce  when  exposed  to  air.  This  deliquescence  is 
exhibited  in  a  marked  degree  by  chloride  of  calcium,  and  its  great  at- 
traction for  water  is  turned  to  advantage  in  drying  air  and  other  gases 
by  passing  them  through  tubes  filled  with  the  salt. 

40.  Most  bases  are  capable  of  combining  with  water  to  form  hydrates, 
as  exemplified  in  the  slacking  of  lime.     Anhydrous  lime  or  quick-lime 
(CaO),  when  wetted  with  water,  combines  with  it,  evolving  much  heat, 
and  crumbling  to  a  loose   bulky  powder,  which  is  hydrate  of  lime  or 
slacked  lime   (CaO.H.O).     At  a  red  heat  the  water  is  expelled,  and 
anhydrous  lime  remains. 

The  hydrates  of  potash,  soda,  and  baryta,  however,  do  not  lose  their 
water  when  heated,  which  has  led  some  chemists  to  entertain  the  belief 
that  they  do  not  really  contain  water  as  such,  but  that  they  have  been 
formed  from  water  by  the  substitution  of  a  metal  for  a  portion  of  its 
hydrogen.  Upon  this  view  the  hydrate  of  potash,  instead  of  being 
represented  by  the  formula  K2O.H26,  would  be  KHO,  or  water  (H2O),  in 
which  potassium  has  been  substituted  for  half  the  hydrogen. 

41.  Nearly  all  the  acids  are  capable  of  forming  hydrates.     Indeed,  as 
a  general  rule,  the  hydrated  form  of  an  acid  is  that  in  which  it  is  com- 
monly obtained  and"  used,  the  anhydrous  acid  being  usually  of  very 
secondaiy  importance.     Thus,  the  liquid  used  under  the  name  of  con- 
centrated sulphuric  acid  is  the  hydrate  of  that  acid   (H2O.S03),  the 
anhydrous  sulphuric  acid  (S03)  being  a  crystalline  solid  of  no  use  except 
to  the  chemist,  and  not  manifesting  any  acid  properties  until  brought 
into  contact  with  water,  with  which  it  combines  with  evolution  of  much 
heat.     The  hydrated  sulphuric  acid  (H2O.S03)  does  not  lose  its  water 
when  heated,  but  distils  unchanged,  and  some  chemists  are  of  opinion 
that  the  hydrogen  is  not  contained  in  it  in  the  form  of  water,  but  that  the 
so-called  hydrated  sulphuric  acid  should  be  represented  as  H2SO4,  so  as 
not  to  indicate  that  it  contains  water.     The  acid  is  thus  represented  as 
a  unitary  compound  (formed  of  one  group),  instead  of  a  binary  com- 
pound of  the  groups  H30  and  S03.     Convenient  as  this  view  is  some- 
times found  in  notation  and  in  theoretical  speculations,  the  circumstance 
that  S03is  known  in  the  separate  state,  and  yields  the  hydrated  sulphuric 
acid  when  brought  in  contact  with  water,  causes  the  latter  view  still  to 
find  favor  among  many  practical  chemists. 

The  hydrated  sulphuric  acid  (H2O.SO3)  has  a  very  powerful  attraction 
for  more  water,  which  leads  to  its  employment  in  the  laboratory  for 
drying  air  and  gases,  as  well  as  for  producing  many  chemical  changes 
which  depend  upon  the  abstraction  of  water  or  its  elements  (dehydration). 
If  concentrated  sulphuric  acid  (oil  of  vitriol)  be  poured  into  water,  the 
mixture  will  become  very  hot,  in  consequence  of  the  combination  between 
the  two  liquids.  The  water  should  be  stirred  whilst  the  acid  is  being- 
poured  in,  as  the  sudden  mixture  of  considerable  quantities  might  cause 
danger  from  the  projection  of  the  liquid. 

42.  WATER  FROM  NATURAL  SOURCES. — Pure  water  is  not  found  in 
nature.     Rain  is  the  purest  form  of  natural  water,  but  contains  certain 
gases  which  it  collects  from  the  atmosphere  during  its  fall.     As  soon  as 
it  reaches  the  earth,  it  begins  to  dissolve  small  portions  of  the  various 
solid  materials  with  which  it  comes  in  contact,  and  thus  becomes  charged 
with  salts  and  other  substances  to  an  extent  varying,  of  course,  with  the 
nature  of  the  soils  and  rocks  which  it  has  touched,  and  attaining  its 
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The  well  waters  of  certain  localities  (as,  for  example,  those  of  large  „ 
towns)  also  frequently  contain  salts  of  nitric  and  nitrous  acids,  and  of 
ammonia. 

The  waters  of  springs  and  rivers  do  not  differ  very  materially  from 
well  waters  as  to  the  nature  of  the  substances  which  they  contain,  though, 
in  the  case  of  river  waters  more  particularly,  the  quantity  of  these  sub- 
stances is  materially  influenced  by  the  conditions  of  rapid  motion  and 
exposure  to  air  under  which  such  waters  are  placed. 

Household  experience  has  established  a  classification  of  the  waters 
from  natural  sources  into  soft  and  hard  waters — a  division  which  de- 
pends chiefly  upon  the  manner  in  which  they  act  upon  soap.  If  a  piece 
of  soap  be  gently  rubbed  in  soft  water  (rain-water,  for  example)  it 
speedily  furnishes  a  froth  or  lather,  and  its  cleansing  powers  can  be 
readily  brought  into  action  ;  but  if  a  hard  water  (spring-water)  be  sub- 
stituted for  rain-water,  the  soap  must  be  rubbed  for  a  much  longer  time 
before  a  lather  can  be  produced,  or  its  effect  in  cleansing  rendered 
evident ;  a  number  of  white  curdy  flakes  also  make  their  appearance  in 
the  hard  water,  which  were  not  seen  when  soft  water  was  used.  The 
explanation  of  this  difference  is  a  purely  chemical  one. 

Soap  is  formed  by  the  combination  of  a  fatty  acid  with  an  alkali ;  it 
is  manufactured  03^  boiling  oil  or  fat  with  potash  or  soda,  the  former  for 
soft,  the  latter  for  hard  soaps.  In  the  preparation  of  ordinary  hard  soap, 
the  soda  takes  from  the  oil  or  fat  two  acids, — stearic  and  oleic  acids, — 
which  exist  in  abundance  in  most  varieties  of  fat,  and  unites  with  them 
to  form  soap,  which  in  chemical  language  would  be  spoken  of  as  a  mix- 
ture of  stearate  and  oleate  of  soda. 

If  soap  be  rubbed  in  soft  water  until  a  little  of  it  has  dissolved,  and 
some  Epsom  salts  (sulphate  of  magnesia)  be  dissolved  in  water,  and 
poured  into  the  soap  water,  curdy  flakes  will  be  produced,  as  when  soap 
is  rubbed  in  hard  water,  and  the  soap  water  will  lose  its  property  of 
frothing  when  stirred ;  the  sulphate  of  magnesia  has  decomposed  the 
soap,  the  soda  contained  in  the  latter  has  combined  with  the  sulphuric 
acid  existing  in  the  sulphate  of  magnesia,  to  form  a  sulphate  of  soda 
which  remains  dissolved  in  the  water,  while  the  magnesia,  uniting  with 
the  stearic  and  oleic  acids,  produces  the  insoluble  curdy  flakes,  which 
consist  of  stearate  and  oleate  of  magnesia. 

Similar  to  the  effect  of  the  sulphate  of  magnesia  is  that  of  hard  waters  ; 
their  hardness  is  attributable  to  the  presence  of  the  different  salts  of 
lime  and  magnesia,  all  of  which  decompose  the  soap  in  the  manner 
exemplified  above ;  the  peculiar  properties  of  the  soap  in  forming  a 
lather  and  dissolving  grease  can,  therefore,  be  manifested  only  when  a 
sufficient  quantity  has  been  employed  to  decompose  the  whole  of  the 
salts  of  lime  and  magnesia  contained  in  the  quantit}7  of  water  operated 
on,  and  thus  a  considerable  amount  of  soap  must  be  rendered  useless 
when  hard  water  is  employed. 

On  examining  the  interior  of  a  kettle  in  which  spring,  well,  or  river 
water  has  been  boiled,  it  will  be  found  to  be  coated  more  or  less  thickl}- 
with  a  fur  or  incrustation,  generall}'  of  a  brown  color,  and  the  harder 
the  water,  the  more  speedily  will  this  incrustation  be  deposited.  A 
chemical  examination  shows  this  deposit  to  consist  chiefly  of  carbonate 
of  lime,  in  the  form  of  minute  crystals,  which  may  be  discovered  by  the 
microscope ;  it  usually  contains,  in  addition,  some  carbonate  of  magne- 
sia, sulphate  of  lime,  and  small  quantities  of  sesquioxide  of  iron  (rust), 
and  vegetable  matter,  the  last  two  substances  imparting  its  brown  color. 
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compact  layer.  In  steam  boilers,  however,  even  more  serious  incon- 
venience than  loss  of  time  sometimes  arises  if  this  deposit  be  allowed  to 
accumulate,  and  to  form  a  thick  layer  of  badly  conducting  material  on 
the  bottom  of  the  boiler,  since  the  latter  is  then  liable  to  become  red  hot, 
and  should  the  incrustation  happen  to  crack,  and  allow  the  water  to 
reach  the  red-hot  metal,  so  violent  a  disengagement  of  steam  follows, 
that  boilers  have  been  known  to  burst  under  the  sudden  pressure.  But 
even  though  this  calamity  be  escaped,  the  wear  and  tear  of  the  boiler  is 
very  much  increased  in  consequence  of  the  formation  of  this  deposit, 
since  its  hardness  often  renders  it  necessary  to  detach  it  with  the  ham- 
mer, much  to  the  injury  of  the  iron  boiler-plates,  which  are  also  subject 
to  increased  oxidation  and  corrosion,  in  consequence  of  the  high  tem- 
perature which  the  incrustation  permits  them  to  attain  by  preventing 
their  contact  with  the  water.  Many  propositions  have  been  brought 
forward  for  the  prevention  of  these  incrustations  ;  some  substances  have 
been  used  of  which  the  action  appears  to  be  purely  mechanical,  in  pre- 
venting the  aggregation  of  the  deposited  particles.  Clay,  saw  dust,  and 
other  matters  have  been  employed  with  this  view ;  but  the  action  of 
sal-ammoniac,  which  has  also  been  found  efficacious,  must  be  explained 
upon  purely  chemical  principles.  When  this  salt  is  boiled  with  carbon- 
ate of  lime,  mutual  decomposition  ensues,  resulting  in  the  production  of 
chloride  of  calcium  and  carbonate  of  ammonia,  of  which  salts  the  former 
is  very  soluble  in  water,  while  the  latter  passes  off  in  vapor  with  the 
steam.1 

The  deposit  formed  in  boilers  fed  with  sea-water  consists  chiefly  of 
sulphate  of  lime  and  hydrate  of  magnesia,  the  latter  resulting  from  the 
decomposition  of  the  chloride  of  magnesium  present  in  sea-water. 

The  incrustations  formed  in  cisterns  and  pipes  by  hard  water  are  also 
produced  by  the  carbonates  of  lirne  and  magnesia  deposited  in  conse- 
quence of  the  escape  of  the  free  carbonic  acid  which  held  them  in 
solution.  Many  interesting  natural  phenomena  ma,y  be  explained  upon 
the  same  principle.  The  so-called  petrifying  springs,  in  many  cases, 
owe  their  remarkable  properties  to  the  considerable  quantity  of  carbon- 
ate of  lime  dissolved  in  carbonic  acid  which  they  contain  ;  when  any 
object,  a  basket  for  example,  is  repeatedly  exposed  to  the  action  of  these 
waters,  it  becomes  coated  with  a  compact  layer  of  carbonate  of  lime, 
and  thus  appears  to  have  suffered  conversion  into  limestone.  The  cele- 
brated waters  of  the  Sprudel  at  Carlsbad,  of  San-Filippo  in  Tuscany, 
and  of  Saint  Allyre  in  Auvergne,  are  the  best  instances  of  this  kind. 

The  stalactites  and  stalagmites,*  which  are  formed  in  certain  caverns 
or  natural  grottoes  (Fig.  45),  afford  beautiful  examples  of  the  gradual 
separation  of  the  carbonate  of  lime  from  water  charged  with  carbonic 
acid.  Each  drop  of  water,  as  it  trickles  through  the  roof  of  the  cavern, 
becomes  surrounded  with  a  shell  of  carbonate  of  lime,  the  length  of 
which  is  prolonged  by  each  drop  as  it  falls,  till  a  stalactite  is  formed, 
varying  in  color  according  to  the  nature  of  the  substances  which  are 
separated  from  the  water  together  with  the  carbonate  of  lime  (such  as 
the  oxides  of  iron  and  vegetable  matter)  ;  and  as  each  drop  falls  from 
the  point  of  the  stalactite  upon  the  floor  of  the  cavern,  it  deposits  there 
another  shell  of  carbonate  of  lime,  which  grows  like  the  upper  one,  but 
in  the  opposite  direction,  and  forms  a  stalagmite,  thus  adorning  the 

1  Solutions  of  the  caustic  alkalies,  of  alkaline  carbonates,  and  arsenites,  are  also  occasionally  em- 
ployed to  prevent  the  formation  of  incrustations  in  boilers. 

2  From  oraXaJco,  to  drop ;  oraAay^ia,  a  drop. 
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ever,  to  about  one-third  when  the  temporary  hardness  has  been  destroyed 
by  boiling.  The  addition  of  washing  soda  (carbonate  of  soda)  removes 
not  only  the  temporary,  but  also  the  permanent  hardness  due  to  the 
presence  of  the  sulphates  of  lime  and  magnesia  in  the  water,  for  both 
these  salts  are  decomposed  by  the  carbonate  of  soda,  which  separates 
the  lime  and  magnesia  as  insoluble  carbonates,  while  sulphate  of  soda 
remains  dissolved  in  the  water.1  The  household  practice  of  boiling  the 
water,  and  adding  a  little  washing  soda,  is  therefore  very  efficacious  in 
removing  the  hardness.  Clark's  process  for  softening  waters  depends 
upon  the  neutralization  of  the  free  carbonic  acid  contained  in  the  water 
by  the  addition  of  a  certain  quantity  of  lime ;  the  lime  thus  added  com- 
bines with  the  free  carbonic  acid,  and  the  carbonate  of  lime  so  produced 
separates  together  with  the  carbonates  of  lime  and  magnesia,  which 
were  previously  retained  in  solution  by  the  free  carbonic  acid  ;  this  pro- 
cess, therefore,  affects  chiefly  the  temporary  hardness  ;  moreover,  the 
earthy  carbonates  which  are  separated  appear  to  remove  from  the  water 
a  portion  of  the  organic  matter  which  it  contains,  and  thus  effect  a  very 
important  purification.  The  water  under  treatment  is  mixed,  in  large 
tanks,  with  a  due  proportion  of  lime  previously  diffused  through  water 
(the  quantity  necessary  having  been  determined  by  preliminary  experi- 
ment), and  the  mixture  allowed  to  settle  until  perfectly  clear,  when  it  is 
drawn  off  into  reservoirs.2 

Waters  which  are  turbid  from  the  presence  of  clay  in  a  state  of  sus- 
pension, are  sometimes  purified  by  the  addition  of  a  small  quantity  of 
alum  or  sulphate  of  alumina,  when  the  alumina  is  precipitated  by  the 
carbonate  of  lime,  and  carries  clown  with  it  mechanically  the  suspended 
clay,  leaving  the  water  clear. 

The  organic  matter  contained  in  waters  may  be  vegetable  matter  dis- 
solved from  the  earth  with  which  it  has  come  in  contact,  or  resulting 
from  the  decomposition  of  plants,  or  it  may  be  animal  matter  derived 
either  from  the  animalcules  and  fish  naturally  existing  in  it,  or  from  the 
sewage  of  towns,  and,  in  the  case  of  well  waters,  from  surface  drainage. 
It  is  a  pretty  generally  received  opinion  that  such  of  these  organic 
matters  as  are  very  susceptible  of  chemical  change  have  an  injurious 
effect  upon  the  system  of  persons  drinking  the  water,  and  it  is  now  usual, 
in  examining  water  as  to  its  fitness  for  consumption,  to  ascertain  how 
much  of  the  organic  matter  is  in  a  changeable  condition,  by  determin- 
ing with  the  aid  of  a  solution  of  permanganate  of  potash  the  amount  of 
oxygen  necessary  to  effect  its  conversion  into  more  stable  forms. 

It  is  believed,  upon  good  medical  authority,  that  cholera  and  diarrhoea 
are  propagated  by  certain  spores  or  germs,  which  are  present  in  the 
evacuations  of  persons  suffering  from  those  maladies,  and  are  conveyed 
into  water  which  is  allowed  to  become  contaminated  by  sewage. 

44.  One  of  the  most  important  points  to  be  taken  into  account  in  esti- 
mating the  qualities  of  a  water  is  its  action  upon  lead,  since  this  metal 
is  unfortunately  so  generally  employed  for  the  storage  and  transmission 
of  water,  and  cases  frequently  occur  in  which  the  health  has  been  seri- 
ously injured  by  repeated  small  doses  of  compounds  of  lead  taken  in 
water,  which  has  been  kept  in  a  leaden  cistern.  If  a  piece  of  bright, 
freshly  scraped  lead  be  exposed  to  the  air,  it  speedily  becomes  tarnished 
from  the  formation  of  a  thin  film  of  the  oxide  of  lead,  produced  by  the 

1  CaO  .  S03  +  Na30  .  CO,  =  NaaO  .  SO3  +  CaO  .  CO» 

Sulphate  of  lime.  Carbonate  of  soda.  Sulphate  of  soda.  Carbonate  of  lime. 

2  Thames  and  New  River  water  are  softened,  in  this  way,  to  3.5°,  or  to  a  lower  point  than  by  an 
hour's  boiling. 
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is  condensed  to  the  liquid  state,  being  cooled  by  the  water  in  contact  with  the  worm  : 
this  water,  becoming  heated,  passe*  off  through  the  pipe  G,  being  replaced  by  cold 
water,  which  is  allowed  to  enter  through  H.1 


FIG.  46. 


Another  form  of  apparatus  for  distillation  of  water  and  other  liquids  is  shown  in 
Fig.  47.  A  is  a  stoppered  retort,  the  neck  of  which  fits  into  the  tube  of  a  Liebig's 
condenser  (B),  which  consists  of  a  glass  tube  (C)  fitted  by  means  of  corks  into  a 
glass,  copper,  or  tinned  iron  tube  (D),  into  which  a  stream  of  cold  water  is  passed 
by  the  funnel  E,  the  heated  water  running  out  through  the  upper  tube  F.  The 
water  furnished  by  the  condensation  of  the  steam  passes  through  the  quilled  receiver 
G,  into  the  flask  H.  Heat  is  gradually  applied  to  the  retort  by  a  ring  gas-burner. 

Many  special  precautions  are  requisite  in  order  to  obtain  absolutely 
pure  distilled  water  for  refined  experiments,  but  for  ordinary  purposes 
the  common  methods  of  distillation  yield  it  in  a  sufficiently  pure  con- 
dition. 

FIG.  47. 


Distillation — Liebig's  condenser. 

The  saline  matters  present  in  the  water  are  of  course  left  behind  in 
the  still  or  retort.     Sea-water  is  now  frequently  distilled  on  board  ship 

1  A  rosette  gas-burner  (K)  on  Bunsen's  principle  is  very  convenient  for  a  small  still  of  this  descrip- 
tion. 
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more  rapidly  than  the  peroxide.  The  pure  peroxide  of  hydrogen  is  a  syrupy  liquid 
of  sp.  gr.  1.453,  with  a  very  slight  chlorous  odor.  Its  most  remarkable  feature  is 
the  facility  with  which  it  is*  decomposed  into  water  and  oxygen.1  Even  at  70°  F. 
it  begins  to  evolve  bubbles  of  oxygen,  so  that  it  can  scarcely  be  prepared  in  hot 
weather.  At  212°  it  decomposes  with  violence.  The  mere  contact  with  certain 
metals,  such  as  gold,  platinum,  and  silver,  which  have  no  direct  attraction  for  oxy- 
gen, will  cause  the  decomposition  of  the  peroxide  of  hydrogen,  without  any  chemical 
alteration  of  the  metal  itself  2  It  was  noticed  above  that  the  binoxide  of  manganese 
decomposes  it  without  undergoing  any  apparent  change.  The  most  surprising  effect 
is  that  which  takes  place  with  oxide  of  silver.  If  a  drop  of  peroxide  of  hydrogen 
be  allowed  to  fall  upon  oxide  of  silver,  which  is  a  brown  powder,  decomposition 
takes  place  with  explosive  violence  and  great  evolution  of  heat,  the  oxide  of  silver 
losing  its  oxygen,  and  becoming  gray  metallic  silver.  The  oxides  of  gold  and  pla- 
tinum are  acted  upon  in  a  similar  manner. 

These  very  extraordinary  changes,  which  were  formerly  described  as  catalytic 
actions,  are  now  generally  accounted  for  by  the  hypothesis  that  the  oxygen  in  the 
oxide  of  silv*er,  &c.,  exists  in  a  condition  different  from  that  of  the  second  atom  of 
oxygen  in  the  peroxide  of  hydrogen,  and  that  these  two  conditions  of  oxygen  have 
a  chemical  attraction  for  each  other,  similar  to  that  which  exists  between  different 
elements.  If  the  oxygen  in  the  oxide  of  silver  be  represented  as  electro-negative 
oxygen  (see  5),  as  its  relation  to  the  metal  would  lead  us  to  expect,  and  the  second 
atom  of  oxygen  in  the  peroxide  of  hydrogen  be  represented  as  electro-positive  oxy- 
gen, the  mutual  decomposition  of  the  two  compounds  might  be  represented  by  the 
equation. 

Ag20     +     H2OO    =    Ag2     -j-     H2O     +     OO. 
+  -  + 

This  would  support  the  conclusion  arrived  at  by  the  train  of  reason- 
ing at  page  69,  that  the  molecule  or  ultimate  particle  of  free  oxygen  is 
really  composed  of  two  atoms. 

49.  OZONE. — This  is  the  name  given  to  a  modified  form  of  oxygen,  of  the  true 
nature  of  which  there  is  still  some  doubt,  as  it  has  never  been  obtained  unmixed 
with  ordinary  oxygen,  but  it  appears  to  be  formed  by  the  union  of  three  atoms  of 
oxygon  (occupying  three  volumes),  to  produce  a  molecule  of  ozone  (occupying  two 
volumes).  Just  as  peroxide  of  hydrogen  (H2O2),  may  be  regarded  as  formed  by  the 
combination  of  a  molecule  of  water  (H2O)  with  an  atom  of  oxygen,  so  ozone  may 
be  viewed  as  a  combination  of  a  molecule  of  oxygen  (O2)  with  an  atom  of  oxygen. 
It  would  then  be  half  as  heavy  again  as  ordinary  oxygen,  and  experiment  has  shown 
that  its  rate  of  diffusion  is  in  accordance  with  this  view. 

It  derives  its  name  from  its  peculiar  odor  (o£«»,  to  smell}.     Oxygen  appears  to  be 
capable  of  assuming  this  ozonized  condition  under  various  circumstances,  the  prin- 
cipal of  which  are,  the  passage  of  silent  electric  discharges  3  and  the  contact  with 
substances  (such  as  phospho- 
rus)  undergoing  slow  oxida-  FIG.  48. 
tion  in  the  presence  of  water.                          a 
A  minute  proportion  of  the 
oxygen   obtained    in  the   de- 
composition of  water  by  the 
galvanic  current  also  exists  in 
the  ozonized  condition ,  as  may 
be  perceived  by  its  odor. 

The  use  of  Siemens's  induc- 
tion-tube (Fig.  48)  affords  the 
readiest  method  of  demon- 
strating the  characteristic  pro- 
perties of  ozone.  This  appa-  Tube  for  ozonizing  air  by  induction, 
ratus  consists  of  a  tube  (A) 

coated  internally  with  tin-foil  (or  silvered  on  the  inside),  and  surrounded  with 
another  tube  (B),  which  is  coated  with  tin-foil  on  the  outside.  When  the  inner  and 
outer  coatings  are  placed  in  connection  with  the  wires  of  an  induction-coil  by  means 

1  The  presence  of  a  little  free  acid  renders  it  rather  more  stable,  whilst  free  alkali  has  the  opposite 
effect.    A  solution  of  peroxide  of  hydrogen,  containing  a  little  hydrochloric  acid,  is  now  sold  for 
medicinal  and  photographic  uses. 

2  Such  inexplicable  changes  as  this  are  sometimes  included  under  the  general  denomination  of 
catalysis,  or  decomposition  by  contact. 

3  It  is  the  odor  of  ozone  which  is  perceived  in  working  an  ordinary  electrical  machine. 
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Ether  and  essential  oils,  such  as  turpentine,  slowly  absorb  oxygen  form  the  air, 
thus  acquiring  the  property  of  bleaching  indigo  and  of  bluing  the  mixture  of  iodide 
of  potassium  and  starch  ;  hence  they  were  formerly  believed  to  contain  ozone,  but 
they  do  not  answer  to  all  the  tests  for  thatsubstance. 
Thus,  ozone  imparts  a  blue  color  to  the  resin  of 
guaiacum.  but  the  old  turpentine  or  ether  will  not 
do  so.  If  a  little  peroxide  of  hydrogen  be  dis- 
solved in  ether,  it  exhibits  the  same  property  as 
the  ether  which  has  absorbed  oxygen  from  the  air, 
and  it  is,  therefore,  sometimes  called  "  ozonic  ether.1' 
The  solution  of  peroxide  of  hydrogen  in  ether 
(obtained  by  shaking  the  aqueous  solution  of  the 
peroxide  with  ether)  is  employed  by  l)r.  Day  for 
the  recognition  of  blood-stains.  Contact  with 
blood  decomposes  peroxide  of  hydrogen,  and  the 
oxygen  which  is  liberated  is  capable  of  bluing 
guaiacum-resin.  Accordingly,  if  a  blood-stain  be 
moistened  with  tincture  of  guaiacum  (a  solution  of 
the  resin  in  spirit  of  wine),  and  afterwards  with 
the  ethereal  solution  of  peroxide  of  hydrogen 
(ozonic  ether),  it  acquires  an  intense  blue  color, 
which  may  be  detected,  even  on  a  colored  fabric,  by  pressing  a  piece  of  white 
blotting-paper  upon  it 

Ozone  has  attracted  much  notice,  because  a  minute  proportion  of  the  oxygen  in 
the  atmosphere  appears  sometimes  to  he  present  in  this  form,  and  its  active  proper- 
ties have  naturally  led  to  the  belief  that  it  must  exercise  some  influence  upon  the 
sanitary  condition  of  the  air.  This  idea  is  encouraged  by  the  circumstance  that  no 
indications  of  ozone  can  be  perceived  in  crowded  cities,  where  there  are  so  many 
oxidizable  substances  to  consume  the  active  oxygen,  whilst  the  air  in  the  open  country 
and  at  the  sea-side  does  give  evidence  of  its  presence.  Some  chemists  assert  that 
their  experiments  have  demonstrated  the  very  important  fact  that  a  portion  of  the 
oxygen  developed  by  growing  plants  is  in  the  ozonized  form. 

ATMOSPHERIC  AIR. 

50.  Atmospheric  air  consists  chiefly  of  a  mixture  of  nitrogen  with 
one-fifth  of  its  volume  of  oxygen,  and  very  small  proportions  of  carbonic 
acid  and  ammonia.  Vapor  of  water  is  of  course  always  present  in  the 
atmosphere  in  varying  proportions.  Since  the  atmosphere  is  the  recep- 
tacle for  all  gaseous  emanations,  other  substances  maty  be  discovered  in 
it  by  very  minute  analysis,  but  in  proportions  too  small  to  have  any 
perceptible  influence  upon  its  properties.  Thus  marsh-gas  or  light  car- 
buretted  hydrogen,  sulphuretted  hydrogen,  and  sulphurous  acid,  can 
often  be  traced  in  it,  the  two  last  especially  in  or  near  towns. 

Although  the  proportion  of  oxygen  in  the  air  at  a  given  spot  may  be 
much  diminished,  and  that  of  carbonic  acid  increased,  by  processes  of 
oxidation  (such  as  respiration  and  combustion)  taking  place  there,  the 
operation  of  wind  and  of  diffusion  so  rapidly  mixes  the-  altered  air  with 
the  immensely  greater  general  mass  of  the  atmosphere,  that  the  variations 
in  the  composition  of  air  in  different  places  are  very  slight.  Thus  it 
has  been  found  that  the  proportion  of  oxygen  in  the  air  in  the  centre  of 
Manchester  was,  at  most,  only  0.2  per  cent,  below  the  average. 

The  proportions  in  which  the  oxygen  and  nitrogen  are  generally 
present  in  atmospheric  air  are, 
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Both  the  tube  (containing  the  copper)  and  the  globe  were  carefully  exhausted  of 
air  and  accurately  weighed  before  the  experiment ;  on  connecting  the  globe  and  the 
tube  with  the  purifying  apparatus,  and  slowly  opening  the  stop-cocks,  the  pressure 
of  the  external  air"caused  it  to  flow  through  the  series  of  tubes  into  the  globe  des- 
tined to  receive  the  nitrogen.  When  a  considerable  quantity  of  air  had  passed  in, 
the  stop-cocks  were  again  closed,  and,  after  cooling,  the  weight  of  the  globe  was 
accurately  determined.  The  difference  between  this  weight  and  that  of  the  empty 
globe  before  the  experiment,  gave  the  weight  of  the  nitrogen  which  had  entered  the 
globe,  but  this  did  not  represent  the  whole  of  the  nitrogen  contained  in  the  analyzed 

FIG.  52. 


Exact  analysis  of  air. 

air,  for  the  tube  containing  the  copper  had,  of  course,  remained  full  of  nitrogen  at 
the  close  of  the  experiment.  This  tube  having  been  weighed,  was  attached  to  the 
air-pump,  the  nitrogen  exhausted  from  it,  and  the  tube  again  weighed  ;  the  differ- 
ence between  the  two  weighings  furnished  the  weight  of  the  nitrogen  remaining  in 
the  tube,  and  was  added  to  the  weight  of  that  received  in  the  globe.  The  oxygen 
was  represented  by  the  increase  in  the  weight  of  the  exhausted  tube  containing  the 
copper,  which  was  partially  converted  into  oxide  of  copper,  by  combining  with  the 
oxygen  of  the  air  passed  through  it. 

The  calculation  of  the  result  of  the  analysis  is  here  exemplified: 

Weight  of  Grains. 

Globe  (N)  with  nitrogen  (at  the  conclusion),       .         .         .     3076 
Exhausted  globe  (at  the  commencement),    ....     3000 

Nitrogen  received  into  the  globe,       ....         76 

Tube  (C)  with  residual  nitrogen  (at  the  conclusion),    .         .     2574 
Exhausted  tube  (at  the  conclusion), 2573 

Nitrogen  remaining  in  the  tube,         ....  1 

Add  nitrogen  received  into  the  globe,         ...         76 

Total  nitrogen  in  the  air  analyzed,     ...         77 

Exhausted  tube  (C)  with  oxidized  copper  (at  the  conclusion),        .     2573 

"  "  metallic  copper  (at  the  commencement),     2550 

Oxygen  in  the  air  analyzed, 23 

The  ratio  of  the  nitrogen  to  the  oxygen,  therefore,  is  that  of  23  N  :  77  O,  or  1  N  : 
3.347  O.     100  parts  by  weight  of  the  air  purified  from 
water,  carbonic  acid,  and  ammonia,  contain  77  parts  of 
nitrogen  and  23  parts  of  oxygen. 

51.  The  nitrogen  remaining  after  the  removal 
of  the  oxygen  from  air  in  the  above  experiments 
was  so  called  on  account  of  its  presence  in  nitre 
(saltpetre  KNO3).  Tn  physical  properties  it  re- 
sembles oxygen,  but  is  somewhat  lighter  than 
that  gas,  its  specific  gravity  being  0.9713. 

This  difference  in  the  specific  gravities  of  the  two  gases 
is  well  exhibited  by  the  arrangement  shown  in  Fig.  53. 
A  jar  of  oxygen  (O)  is  closed  with  a  glass  plate,  and 
placed  upon  the  table.  A  jar  of  nitrogen  (N),  also 
closed  with  a  glass  plate,  is  placed  over  it,  so  that  the 
two  gasHS  may  come  in  contact  when  the  glass  plates  are 
removed.  The  nitrogen  will  float  for  some  seconds  above 
the  oxygen,  and  if  a  lighted  taper  be  quickly  introduced 
through  the  neck  of  the  upper  jar,  it  will  be  extin- 
guished in  passing  through  the  nitrogen,  and  will  be  re- 
kindled brilliantly  when  it  reaches  the  oxygen  in  the 
lower  jar. 


FIG.  53. 
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of  nitrogen,   and  admirably  adapts  it  for  its  function  of  diluting  the 
oxygen  in  the  atmosphere. 

The  chemical  relations  of  air  to  animals  and  plants  will  be  more  ap- 
propriately discussed  hereafter.  (See  Carbonic  Acid,  Ammonia.} 

CARBON. 

C  =  12  parts  by  weight.1 

52.  This  element  is  especially  remarkable  for  its  uniform  presence  in 
organic  substances.  The  ordinary  laboratory  test  by  which  the  chemist 
decides  whether  a  substance  under  examination  is  of  organic  origin, 
consists  in  heating  it  with  limited  access  of  air,  and  observing  whether 
any  blackening  from  separation  of  carbon  (carbonization}  ensues. 

Few  elements  are  capable  of  assuming  so  many  different  aspects  as 
carbon.  It  is  met  with  transparent  and  colorless  in  the  diamond, 
opaque,  black,  and  quasi-metallic  in  graphite  or  black  lead,  velvety  and 
porous  in  wood-charcoal,  and  under  new  conditions  in  anthracite,  coL-c, 
and  gas-carbon. 

In  nature  free  carbon  ma}r  be  said  to  occur  in  the  forms  of  diamond, 
graphite,  and  anthracite  (the  other  varieties  of  coal  containing  consider- 
able proportions  of  other  elements). 

Apart  from  its  great  beauty  and  rarit^y,  the  diamond  possesses  a 
special  interest  in  chemical  e}'es,  from  its  having  perplexed  philosophers 
up  to  the  middle  of  the  last  century,  notwithstanding  the  simplicity  of 
the  experiments  required  to  demonstrate  its  true  nature.  The  first 
inkling  of  it  appears  to  have  been  obtained  by  Newton,  when  he  per- 
ceived its  great  power  of  refracting  light,  and  thence  inferred  that,  like 
other  bodies  possessing  that  property  in  a  high  degree,  it  would  prove 
to  be  combustible  ('•  an  unctuous  substance  coagulated").  When  this 
prediction  was  verified,  the  burning  of  diamonds  was  exhibited  as  a 
marvellous  experiment,  but  no  accurate  observations  appear  to  have 
been  made  till  1772,  when  Lavoisier  ascertained,  by  burning  diamonds 
suspended  in  the  focus  of  a  burning-glass,  in  a  confined  portion  of  oxy- 
gen that  they  were  entirely  converted  into  carbonic  acid  gas.  In  more 
recent  times  this  experiment  has  been  repeated  with  the  utmost  precau- 
tion, and  the  diamond  has  been  clearly  demonstrated  to  consist  of  carbon 
in  a  cr3"stallized  state. 

A  still  more  important  result  of  this  experiment  was  the  exact  determination  of 
the  composition  of  carbonic  acid,  without  which  it  would  not  be  possible  to  ascer- 
tain exactly  the  proportion  of  carbon  in  any  of  its  numerous  compounds,  since  it  is 
always  weighed  in  that  form. 

The  most  accurate  experiments  upon  the  synthesis  of  carbonic  acid  have  been 
conducted  with  the  arrangement  represented  in  Fig.  55. 

Within  the  porcelain  tube  A,  which  is  heated  to  redness  in  a  charcoal  fire,  was 
placed  a  little  platinum  tray,  accurately  weighed,  and  containing  a  weighed  quantity 
of  fragments  of  diamond.  One  end  of  the  tube  was  connected  with  a  gas-holder  B, 
containing  oxygen  which  was  thoroughly  purified  by  passing  through  the  tube  C, 
containing  potash  (to  absorb  any  carbonic  acid  and  chlorine  which  it  might  contain), 
and  dried  by  passing  over  pumice  soaked  with  concentrated  sulphuric  acid  in  D  and 
E.  To  the  other  end  of  the  porcelain  tube  A,  there  was  attached  a  glass  tube  F, 
also  heated  in  a  furnace,  and  containing  oxide  of  copper,  to  convert  in'o  carbonic 
acid  any  carbonic  oxide  which  might  have  been  formed  in  the  combustion  of  the 
diamond.  The  carbonic  acid  was  then  passed  over  pumice  soaked  with  sulphuric 

1  The  volume  occupied  by  carbon  in  the  form  of  vapor  is  not  known,  its  vapor  never  having  been 
obtained  in  a  measurable  form. 
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iron  wire  passing  through  a  deflagrating-collar,  and  heating  it  in  a  jet  of  oxygen 
sent  through  a  gas  or  spirit  flame  (Fig.  56).  As  soon  as  it  has  attained  a  white  heat, 
the  diamond  is  plunged  into  a  globe  of  oxygen,  and  after  burning  for  a  few 
seconds,  it  is  withdrawn,  and  a  little  lime-water  is  shaken  in  the  globe  to  produce 
the  milky  deposit  of  carbonate  of  lime.  It  not  unfrequently  happens  that  the  blow- 

n'   e  flame  fuses  the  platinum  wire,  and  the  diamond  drops  out 
ore  it  can  be  immersed  in  the  oxygen.     A  more  convenient  Fro.  57. 

arrangement  is  shown  in  Fig.  57.  The  diamond  is  supported 
in  a  short  helix  of  platinum  wire  A,  which  is  attached  to  the 
copper  wires  BB,  passing  through  the  cork  C,  and  connected 
with  the  terminal  wires  of  a  Grove's  battery  of  five  or  six  cells. 
The  globe  having  been  filled  with  oxygen  by  passing  the  gas 
down  into  it  till  a  match  indicates  that  the  excess  of  oxygen  is 
streaming  out  of  the  globe,  the  cork  is  inserted,  and  the  wires 
connected  with  the  battery.  When  the  heat  developed  in  the 
platinum  coil,  by  the  passage  of  the  current,  has  raised  the  dia- 
mond to  a  full  red  heat,  the  connection  with  the  battery  may  be  interrupted,  and  the 
diamond  will  continue  to  burn  with  steady  and  intense  brilliancy. 

To  an  observer  unacquainted  with  the  satisfactory  nature  of  this  de- 
monstration, it  would  appear  incredible  that  the  transparent  diamond, 
so  resplendent  as  to  have  been  reputed  to  emit  light,  should  be  identical 
in  its  chemical  composition  with  graphite  (plumbago  or  black  lead),  from 
which,  in  external  appearance,  it  differs  so  widely.  For  this  difference 
is  not  confined  to  their  color  ;  in  crystalline  form  they  are  not  in  the 
least  alike,  the  diamond  occurring  generally  in  octahedral  crystals, 
while  graphite  is  found  either  in  amorphous  masses  (that  is,  having  no 
definite  crystalline  form),  or  in  six-sided  plates  which  are  not  geometri- 
cally allied  with  the  form  assumed  by  the  diamond.  Carbon,  therefore, 
is  dimorphous,  or  occurs  in  two  distinct  crystalline  forms.  Even  in 
weight,  diamond  and  graphite  are  very  dissimilar,  the  former  having  an 
average  specific  gravity  of  3.5,  and  the  latter  of  2.3.  Again,  the  crystal 
of  diamond  is  the  hardest  of  all  substances,  whence  it  is  used  for  cutting 
and  for  writing  upon  glass,  but  a  mass  of  graphite  is  soft  and  easily  cut 
with  a  knife.  The  diamond  is  a  non-conductor  of  electricity,  but  the 
conducting  power  of  graphite  renders  it  useful  in  the  electrotype 
process. 

Diamonds  are  chiefly  obtained  from  Golconda,  Borneo,  and  the 
Brazils.  The}'  usually  occur  in  sandstone  rock  or  in  mica  slate.  The 
hardness  of  the  diamond  renders  it  necessary  to  employ  diamond-dust 
for  the  purpose  of  cutting  and  polishing  it,  which  is  effected  with  the 
aid  of  a  revolving  disk  of  steel,  to  the  surface  of  which  the  diamond 
dust  is  applied  in  the  form  of  a  paste  made  with  oil.  The  crystal  in  its 
natural  state  is  best  fitted  for  the  purpose  of  the  glazier,  for  its  edges 
are  usually  somewhat  curved,  and  the  angle  formed  by  these  cuts  the 
glass  deeply,  while  the  angle  formed  by  straight  edges,  like  those  of  an 
ordinary  jeweller's  diamond,  is  only  adapted  for  scratching  or  writing 
upon  glass.  Drills  with  diamond  points  have  been  employed  in  tunnel- 
ling through  hard  rocks.  The  diamond-dust  used  for  polishing,  &c.,  is 
obtained  from  a  dark  amorphous  diamond  found  at  Bahia  in  the  Brazils; 
1000  ounces  annually  are  said  to  have  been  occasionally  obtained  from 
this  source.  When  burnt,  the  diamond  always  leaves  a  minute  pro- 
portion of  ash  of  a  yellowish  color  in  which  silica  and  oxide  of  iron 
have  been  detected.  A  genuine  diamond  may  be  known  by  its  com- 
bining the  three  qualities  of  extreme  hardness,  enabling  it  to  scratch 
hardened  steel,  high  specific  gravity  (3.53),  and  insolubility  in  hydro- 
fluoric acid. 

Although  the  diamond,  when  preserved  from  contact  with  the  air, 
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wood  has  undergone  destructive  distillation,  that  is,  its  elements  have 
arranged  themselves,  under  the  influence  of  the  high  temperature,  into 
different  forms  of  combination,  for  the  most  part  simpler  in  their  chemi- 
cal composition  than  the  wood  itself,  and  capable,  unlike  the  wood,  of 
enduring  that  temperature  without  decomposition  ;  thus,  it  is  merely  an 
exchange  of  an  unstable  for  a  stable  equilibrium  of  the  particles  of 
matter  composing  the  wood. 

(DEF. — Destructive  distillation  is  the  resolution  of  a  complex  substance 
into  simpler  forms  under  the  influence  of  heat,  out  of  contact  with  air.) 

The  vapors  issuing  from  the  mouth  of  the  tube  will  be  found  acid  to 
blue  litmus-paper ;  they  have  a  peculiar  odor,  and  readily  take  fire  on 
contact  with  flame.  These  will  be  more  particularly  noticed  hereafter, 
as  they  contain  some  very  useful  substances.  The  charcoal  which  is 
left  is  not  pure  carbon,  but  contains  considerable  quantities  of  oxygen 
and  hydrogen,  with  a  little  nitrogen,  and  the  mineral  matter  or  ash  of 
the  wood. 

When  the  charcoal  is  to  be  used  for  fuel,  it  is  generally  prepared  by 
a  process  in  which  the  heat  developed  by^the  combustion  of  a  portion 
of  the  wood  is  made  to  effect 

the    charring    of    the    rest.  FIG.  n*. 

With  this  view  the  billets  of 
wood  are  built  up  into  a  heap 
(Fig.  58)  around  stakes 
driven  into  the  ground,  a 
passage  being  left  so  that 
the  heap  may  be  kindled  in 
the  centre.  This  mound  of 
wood,  which  is  generally  from 
30  to  40  feet  in  diameter,  is 
closely  covered  with  turf  and 

sand,  except  for  a  few  inches  Charcoal  heap. 

around  the  base,  where  it  is 

left  uncovered  to  give  vent  to  the  vapor  of  water  expelled  from  the  wood 

When  the  heap  has  been  kindled  in 


FIG.  59. 


in  the  first  stage  of  the  process 
the  centre,  the  passage  left  for 
this  purpose  is  carefully  closed 
up.  After  the  combustion  has 
proceeded  for  some  time,  and  it 
is  judged  that  the  wood  is  per- 
fectly dried,  the  open  space  at 
the  base  is  also  closed,  and  the 
heap  left  to  smoulder  for  three 
or  four  weeks,  when  the  wood  is 
perfectly  carbonized. 

Upon  an  average  22  parts  of 
charcoal  are  obtained  by  this 
process  from  100  of  wood. 

A  far  more  economical  pro- 
cess for  preparing  charcoal  from 
wood  consists  in  heating  it  in  an 
iron  case  or  slip  (F,  Fig.  59) 
placed  in  an  iron  retort  A,  from 
which  the  gases  and  vapors  are  conducted  by  the  pipe  L  into  the  fur- 
nace B,  where  they  are  consumed. 

On  the  small  scale,  the  operation  may  be  conducted  in  a  glass  retort, 


Charcoal  retort. 
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is  then  placed  under  the  receiver  of  the  air-pump.  On  exhausting  the  air,  in- 
numerable bubbles  will  start  from  the  pores  of  the  charcoal,  causing  brisk  efferves- 
cence. If  a  glass  tube  16  or  18  inches  long  be  thoroughly  filled  with  ammonia  gas 
(Fig.  62),  supported  in  a  trough  containing  mercury,  and  a  small  stick  of  recently 
calcined  charcoal  introduced  through  the  mercury  into  the  tube,  the  charcoal  will 
absorb  the  ammonia  so  rapidly  that  the  mercury  will  soon  be  forced  up  and  fill  the 
tube,  carrying  the  charcoal  up  with  it.  On  removing  the  charcoal,  and  placing  it 
upon  the  hand,  a  sensation  of  cold  will  be  perceived  from  the  rapid  escape  of  am- 
monia, perceptible  by  its  odor. 

By  exposing  a  fragment  of  recently  calcined  wood  charcoal  under  a  jar  filled  with 
hydrosulphuric  acid  gas  for  a  few  minutes,  so  that  it  may  become  saturated  with  the 
gas,  and  then  covering  it  with  ajar  of  oxygen,  the  latter  gas  will  act  upon  the  for- 
mer with  such  energy  that  the  charcoal  will  burst  into  vivid  combustion.  The  jar 
must  not  be  closed  air-tight  at  the  bottom,  or  the  sudden  expansion  may  burst  it. 
Charcoal  in  powder  exposed  in  a  porcelain  crucible  may  also  be  employed  in  the 
same  way.  It  should  be  pretty  strongly  heated  in  the  covered  crucible,  and  allowed 
to  become  nearly  cool  before  being  exposed  to  the  hydrosulphuric  acid. 

Charcoal  prepared  from  hard  woods  absorbs  the  largest  volume  of  gas.  Thus  log- 
wood charcoal  has  been  found  to  absorb  111  times  its  volume  of  ammoniacal  gas. 
Charcoal  made  from  the  shell  of  the  cocoanut  is  even  more  absorbent,  although  its 
pores  are  quite  invisible,  and  its  fracture  exhibits  a  semi-metallic  lustre. 

As  the  gases  which  are  evolved  in  putrefaction  are  of  a  poisonous 
character,  the  power  of  wood  charcoal  to  remove  them  acquires  great 
practical  importance,  and  is  applied  in  very  many  cases ;  the  charcoal 
in  coarse  powder  is  thickly  strewn  over  matters  from  which  the  effluvium 
proceeds,  or  is  exposed  in  shallow  trays  to  the  air  to  be  sweetened,  as 
in  the  wards  of  hospitals,  &c.  It  has  even  been  placed  in  a  flat  box  of 
wire  gauze  to  be  fixed  as  a  ventilator  before  a  window  through  which 
the  contaminated  air  might  have  access,  and  respirators  constructed  on 
the  same  principle  have  been  found  to  afford  protection  against  poison- 
ous gases  and  vapors.  The  ventilating  openings  of  sewers  in  the  streets 
are  also  fitted  with  cases  containing  charcoal  for  the  same  purpose. 
Water  is  often  filtered  through  charcoal  in 
order  to  free  it  from  the  noxious  and  FIG.  63. 

putrescent  organic  matters  which  it  some- 
times contains.  For  all  such  uses  the  char- 
coal should  have  been  recently  heated  to 
redness  in  a  covered  vessel  in  order  to  ex- 
pel the  moisture  which  it  attracts  when 
exposed  to  the  air;  and  the  charcoal  which 
has  lost  its  power  of  absorption  will  be 
found  to  regain  it  in  great  measure  when 
heated  to  redness. 

This  power  of  absorption  which  charcoal 
possesses  is  not  confined  to  gases,  for 
many  liquid  and  solid  substances  are 
capable  of  being  removed  by  that  agent 
from  their  solution  in  water.  This  is  most 
readily  traced  in  the  case  of  substances  Filtration. 

which  impart  a  color  to  the  solution,  such 

color  being  often  removed  by  the  charcoal ;  if  port  wine  or  infusion  of 
logwood  he  shaken  with  powdered  charcoal  (especially  if  the  latter  has 
been  recently  heated  to  redness  in  a  closed  crucible),  the  liquid,  when 
filtered  through  blotting-paper  (Fig.  63),  will  be  found  to  have  lost  its 
color;  the  coloring  matter,  however,  seems  merely  to  have  adhered  to 
the  charcoal,  for  it  may  be  extracted  from  the  latter  by  treatment  with 
a  weak  alkaline  liquid. 
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than  that  furnished  by  wood,  for  the  bunc-charcoal  contains  nearly  nine- 

-  ight  «.f  phosphate  (  with  a  little  carbonate)  ol' lime  ;   the 
consequence  of  the  pre*  -o  large  an  am<.unt   of  earthy 

must  be  to  extend  t  les  of  cari  a  larger  -  I  thus 

to  expose  a  greater   surface   for    the    adhesion 

This  i  \   help  to  explain  the  very  g-  •  \  of  |M.I« 

to  wood  charcoal  as  a  decolorizing  ag<  •!..-  explanation 
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application  of  the  same  principle.  At  a  high  temperature,  however, 
carbon  combines  readily  with  oxygen,  sulphur,  and  with  some  of  the 
metals,  and  at  a  very  high  temperature,  even  with  hydrogen.  The  ten- 
dency o'f  carbon  to  combine  with  oxygen  under  the  influence  of  heat,  is 
shown  when  a  piece  of  charcoal  is  strongly  heated  at  one  point,  when  the 
carbon  at  this  point  at  once  combines  with  the  ox}'gen  of  the  surround- 
ing air  (forming  carbonic  acid),  and  the  heat  developed  by  this  com- 
bustion raises  the  neighboring  particles  of  carbon  to  the  temperature  at 
which  the  element  unites  with  oxygen,  and  thus  the  combustion  is  grad- 
ually propagated  throughout  the  mass,  which  is  ultimately  converted 
entirely  into  carbonic  acid  gas,  nothing  remaining  but  the  white  ash, 
composed  of  the  mineral  substances  derived  from  the  wood  employed 
for  preparing  the  charcoal.  It  is  worthy  of  remark,  that  if  charcoal  had 
been  a  better  conductor  of  heat,  it  would  not  have  been  so  easily  kindled, 
since  the  heat  applied  to  any  point  of  the  mass  would  have  been  rapidly 
diffused  over  its  whole  bulk,  and  this  point  could  not  have  attained  the 
high  temperature  requisite  for  its  ignition,  until  the  whole  mass  had 
been  heated  nearly  to  the  same  degree;  this  is  actually  found  to  be  the 
case  in  charcoal  which  has  been  very  strongly  heated  (out  of  contact 
with  air),  when  its  conducting  power  is  greatly  improved,  and  it  kindles 
with  very  great  difficulty.  The  calorific  value  of  carbon  is  represented 
by  the  number  8080,  that  is  1  gr.  of  carbon,  when  burnt  so  as  to  form 
carbonic  acid,  is  capable  of  raising  8080  grs.  of  water  from  0°  C.  to 
1°  C. 

A  given  weight  of  charcoal  will  produce  twice  as  much  available  heat 
as  an  equal  weight  of  wood,  since  the  former  contains  more  actual  fuel 
and  less  oxygen,  and  much  of  the  heat  evolved  by  the  wood  is  absorbed 
or  rendered  latent  in  the  steam  and  other  vapors  which  are  produced  by 
the  action  of  heat  upon  it.  The  attraction  possessed  by  carbon  for 
oxygen  at  a  high  temperature  is  turned  to  account  in  metallurgic  ope- 
rations, when  coal  and  charcoal  are  employed  for  extracting  the  rnetals 
from  their  compounds  with  oxygen.1 

The  unchangeable  solidity  of  carbon  is  another  remarkable  feature. 
It  is  stated  that  some  approach  has  been  made,  at  extremely  high  tem- 
peratures, to  the  fusion  and  vaporization  of  carbon,  but  it  cannot  be 
said  to  have  been  fairly  established  that  this  element  is  able  to  exist  in 
any  other  than  the  solid  form.  Nor  can  any  substance  be  found  by  the 
aid  of  which  carbon  may  be  brought  into  the  liquid  form  by  the  process 
of  solution,  for  although  charcoal  gradually  disappears  when  boiled  with 
sulphuric  and  nitric  acids,  it  does  not  undergo  a  simple  solution,  but  is 
converted,  as  will  be  seen  hereafter,  into  carbonic  acid. 

54.  COAL. — The  various  substances  which  are  classed  together  under 
the  name  of  coal  are  characterized  by  the  presence  of  carbon  as  a  largely 
predominant  constituent,  associated  with  smaller  quantities  of  hydrogen, 
oxygen,  nitrogen,  sulphur,  and  certain  mineral  matters  which  compose 
the  ash.  Coal  appears  to  have  been  formed  by  a  peculiar  decomposi- 
tion or  fermentation  of  buried  vegetable  matter,  resulting  in  the  sepa- 
ration of  a  large  proportion  of  its  hydrogen  in  the  form  of  marsh-gas 
(CH4),  and  similar  compounds,  and  of  its  oxygen  in  the  form  of  carbonic 
acid  (C0.2),  the  carbon  accumulating  in  the  residue.  Thus,  cellulose 


1  Easily  reducible  oxides,  such  as  oxide  of  lead,  give  carbonic  acid  when  heated  with  charcoal; 
2PbO  +  C  =  Pb0  +  CO3.  but  oxides  which  are  not  easily  reducible,  such  as  oxide  of  ziuc,  give  carbonic 
oxide ;  ZnO  +  C  =  CO  -f  Zn. 
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the  whole  of  its  carbon  is  consumed,  and  leaves  an  as/?,,  consisting  of  the 
mineral  substances  present  in  the  coal.  The  final  results  of  the  perfect 
combustion  of  coal  would  be  carbonic  acid  (CO.,),  water  (H,O),  nitrogen, 
a  little  sulphurous  acid  (SO.,),  and  ash.  The  production  of  smoke  in  a 
furnace  supplied  with  coal  may  be  prevented  by  charging  the  coal  in 
small  quantities  at  a  time  in  front  of  the  fire,  so  that  the  highly  car- 
bonaceous vapors  must  come  in  contact  with  a  large  volume  of  heated 
air  before  reaching  the  chimney.  In  arrangements  for  consuming  the 
smoke,  hot  air  is  judiciously  admitted  at  the  back  of  the  fire,  in  order 
to  meet  and  consume  the  heated  carbonaceous  particles  before  they  pass 
into  the  chimney. 

The  difference  in  the  composition  of  the  several  varieties  of  coal  gives 
rise  to  a  great  difference  in  their  mode  of  burning. 

The  following  table  exhibits  the  composition  of  representative  speci- 
mens of  the  four  principal  varieties  : 


Carbon, 

Hydrogen, 

Nitrogen, 

Oxygen, 

Sulphur, 

Ash,1     . 


Composition  of  Coal. 

Lignite. 


66.32 
5.63 
0.56 

22.86 
2.36 
2.27 

100.00 


Bituminous 

Coal.         Wigan  Cannel.    Anthracite. 


78. 57 
5.29 
1.84 

12.88 
039 
1.03 

100.00 


80.06 
5.53 
2  12 
8.09 
1.50 
2.70 

100.00 


9039 
3.28 
0.83 
2.98 
0.91 
1.61 

100.00 


The  lignites  furnish  a  much  larger  quantity  of  gas  under  the  action 
of  heat,  and  therefore  burn  with  more  flame  than  the  other  varieties, 
leaving  a  coke  which  retains  the  form  of  the  original  coal;  while  bitu- 
minous coal  softens  and  cakes  together, — a  useful  propert}^  since  it 
allows  even  the  dust  of  such  coal  to  be  burnt,  if  the  fire  be  judiciously 
managed.  Anthracite  (stone  coal  or  Wehh  coal)  is  much  less  easily 
combustible  than  either  of  the  others,  and  since  it  yields  but  little  gas 
when  heated,  it  usually  burns  with  little  flame  or  smoke.  This  variety 
of  coal  is  so  compact  that  it  will  not  usually  burn  in  ordinary  grates,  but 
is  much  employed  for  furnaces. 

55.  Carbon  is  capable  of  combining  with  oxygen  in  two  proportions, 
forming  the  compounds  known  as  carbonic  oxide  and  carbonic  acid,  the 
composition  of  which  is  shown  in  the  following  table: 


Oxides  of  Carbon. 


Parts  by  weight. 

Carbonic  oxide,    
Carbonic  acid, 

,     CO, 
CO 

C                    O 
12                16 
12                32 

1  The  ash  of  coal  consists  chiefly  of  silica,  alumina,  and  peroxide  of  irou. 
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FIG.  64. 


The  production  of  carbonic  acid  in  combustion,  respiration,  arid  fermentation, 
may  be  very  easily  proved  by  experiment.  If  a  dry  bottle  be  placed  over  a  burning 
wax  taper  standing  on  the  table,  the  sides  of  the  bottle  will 
be  covered  with  dew  from  the  combustion  of  the  hydrogen 
in  the  wax;  and  if  a  little  clear  lime-water  be  shaken  in 
the  bottle,  the  milky  deposit  of  carbonate  of  lime  will  indi- 
cate the  formation  of  carbonic  acid. 

By  arranging  two  bottles,  as  represented  in  Fig.  64,  and 
inspiring  through  the  tube  A;  air  will  bubble  through  the 
lime-water  in  B,  before  entering  the  lungs,  and  will  then  be 
found  to  contain  too  little  carbonic  acid  to  produce  a  milki- 
ness,  but  on  expiring  the  air,  it  will  bubble  through  C,  and 
will  render  the  lime-water  in  this  bottle  very  distinctly 
turbid. 

If  a  little  sugar  be  dissolved  in  eight  or  ten  times  its 
weight  of  warm  (not  hot)  water,  in  the  flask  A  (Fig.  65), 
and  a  little  dried  yeast,  previously  rubbed  down  with  water. 
added,  fermentation  will  commence  in  the  course  of  an  hour 
or  less,  and  carbonic  acid  may  be  collected  in  the  jar  B. 

57.  In  the  mineral  kingdom  free  carbonic  acid  is 
pretty  abundant.     The  gas  issues  from  the  earth  in 
some  places  in  considerable  quantity,  as  at  Nauheim,  where  there  is  said 
to  be  a  spring  exhaling  about  1,000,000  Ibs.  of  the  gas  annually.    Many 
spring  waters,  those  of  Seltzer  and  Pyrmont,  for  example,  are  very 
highly  charged  with  the  gas. 

But  it  occurs  in  far  larger  quantity  in  a  state  of  combination  with 
lime,  forming  the  immense  deposits  of  limestone,  marble,  and  chalk, 
which  compose  so  large  a 

portion  of  the  crust  of  the  FlG-  65- 

globe.  Carbonate  of  lime  is 
also  met  with  in  the  animal 
kingdom.  Fish  shells  and 
pearls  contain  about  two- 
thirds  of  their  weight  of  this 
substance,  whilst  eggshells 
contain  as  much  as  nine- 
tenths  of  carbonate  of  lime. 

The  expulsion  of  the  car- 
bonic acid  from  limestone 
(CaO.CO,)  forms  the  object 
of  the  process  of  lime  burn- 
ing^ by  which  the  large  sup- 
ply of  lime  (CaO)  is  obtained 
for  building  and  other  pur- 
poses. But  if  it  be  required 

to  obtain  the  carbonic  acid  without  regard  to  the  lime,  it  is  better  to 
decompose  the  carbonate  of  lime  with  an  acid. 

Preparation  of  Carbonic  Acid.  —  The  form  of  the  carbonate  of  lime, 
and  the  nature  of  the  acid  employed,  are  by  no  means  matters  of  in- 
difference. If  dilute  sulphuric  acid  be  poured  upon  fragments  of  marble, 
the  effervescence  which  occurs  at  first  soon  ceases,  for  the  surface  of  the 
marble  becomes  coated  with  the  nearty  insoluble  sulphate  of  lime,  by 
which  it  is  protected  from  the  further  action  of  the  acid  — 


CaO  .  C0 


H,0  .  S03    =     CaO  .  SO3 


H20 


C0 


Marble. 


Sulphuric  acid. 


Sulphate  of  lime. 
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For  the  ordinary  purposes  of  exprrin. 
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If  smouldering  brown  paper  be  held  at  the  mouth  of  a  jar,  like  that  in  Fig.  69, 
the  smoke  will  float  upon  the  surface  of  the  carbonic  acid,  and  will  sink  with  it  on 
removing  the  stopper. 

FIG.  69. 


FIG.  68. 


The  power  which  carbonic  acid  possesses  of  extinguishing  flame  is 
very  important,  and  has  received  practical  application  in  the  case  of 
burning  mines  which  must  otherwise 
have  been  flooded  with  water.1     Many  FlG- 70- 

attempts  have  also  been  made  from 
time  to  time  to  employ  this  gas  for 
subduing  ordinary  conflagrations,  but 
their  success  has  hitherto  been  very 
partial.  It  will  be  remembered  that 
pure  nitrogen  is  also  capable  of  extin- 
guishing the  flame  of  a  taper,  but  a 
large  proportion  of  this  gas  may  be 
present  in  air  without  affecting  the 
flame,  whereas  a  taper  is  extinguished 
in  air  containing  one-eighth  of  its 
volume  of  carbonic  acid,  and  is  sensi- 
bly diminished  in  brilliancy  by  a  much 
smaller  proportion  of  the  gas. 

The  power  of  extinguishing  flame,  con- 
joined with  the  high  density  of  carbonic 
acid,  admit  of  some  very  interesting  illus- 
trations. 

Carbonic  acid  may  be  poured  from  some 
distance  upon  a  candle,  and  will  extinguish  it  at  once. 

A  large  torch  of  blazing  tow  may  be  plunged  beneath  the  surface  of  the  carbonic  acid 
in  the  jar.  Fig.  68. 

Carbonic  acid  may  be  raised  in  a  glass  bucket  (Fig.  70)  from  a  large  jar,  and 
poured  into  another  jar,  the  air  in  which  has  been  previously  tested  with  a  taper. 

A  wire  stand  with  several  tapers  fixed  at  different  levels  may  be  placed  in  the  jar 
A,  Fig.  71,  and  carbonic  acid  gradually  admitted  through  a  flexible  tube  connected 


1  All  gases  which  tako  no  part  in  combustion  may  extinguish  flame,  even  in  the  presence  of  air,  by 
absorbing  heat  and  reducing  the  temperature  below  the  burning-point. 
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to  its  quantity.  The  difference  in  constitution  and  temperament  in 
individuals  makes  it  impossible  that  any  exact  general  rule  should  be 
laid  down  as  to  the  precise  quantity  of  carbonic  acid  which  may  be 
present  in  air  without  injury  to  respiration,  but  it  may  be  safely  asserted 
that  it  is  not  advisable  to  breathe  for  any  length  of  time  in  air  contain- 
ing more  than  yo^th  (0-1  Per  cent.)  of  its  volume  of  carbonic  acid. 

There  appears  to  be  no  immediate  danger,  however,  until  the  carbonic 
acid  amounts  to  r^th  (0.5  percent.)  when  most  persons  are  attacked  by 
the  languor  and  headache  attending  the  action  of  this  gas.     A  larger  pro- 
portion of  carbonic  acid  produces  insensibility,  and  air  containing  y^th  j 
of  its  volume  of  carbonic  acid  causes  suffocation.    The  danger  in  entering ' 
old  wells,  cellars,  and  other  confined  places,  is  due  to  the  accumulation  , 
of  this  gas,   either  exhaled  from  the  earth  or  produced   by  decay  of  j 
organic  matter.     The  ordinary  test  applied  to  such  confined  air  by  in- 
troducing a  candle  is  only  to  be  depended  upon  if  the  candle  burns  as 
brightly  in  the  confined  space  as  in  the  external  air;  should  the  flame 
become  at  all  dim,  it  would  be  unsafe  to  enter,  for  experience  has  shown 
that  combustion  may  continue  for  some  time  in  an  atmosphere  danger- 
ously charged  with  carbonic  acid. 

The  accidents  from  choke  damp  and  after  damp  in  coal  mines,  and 
from  the  accumulation,  in  brewers'  and  distillers'  vats,  of  the  carbonic 
acid  resulting  from  fermentation,  are  also  examples  of  the  fatal  effect  of 
this  gas. 

The  air  issuing  from  the  lungs  of  a  man  at  each  expiration  contains 
from  3.5  to  4  volumes  of  carbonic  acid  in  100  volumes  of  air,  and  could 
not,  therefore,  be  breathed  again  without  danger.  The  total  amount  of 
carbonic  acid  evolved  by  the  lungs  and  skin  amounts  to  about  0.7  cubic 
foot  per  hour.  In  order  that  it  ma}-  be  breathed  again  without  incon- 
venience, this  should  be  distributed  through  at  least  140  cubic  feet  of 
fresh  air,  or  a  space  measuring  5.2  feet  each  way.  Hence  the  necessity 
for  a  constant  supply  of  fresh  air  by  ventilation,  to  dilute  the  carbonic 
acid  to  such  an  extent  that  it  may  cease  to  impede  respiration.  This 
becomes  the  more  necessary  where  an  additional  quantity  of  carbonic 
acid  is  supplied  by  candles  or  gas-lights.  Two  ordinary  gas-burners, 
each  consuming  three  cubic  feet  of  gas  per  hour,  will  produce  as  much 
carbonic  acid  as  one  man.  Fortunately,  a  natural  provision  for  venti- 
lation exists  in  the  circumstance  that  the  processes  of  respiration  and 
combustion,  which  contaminate  the  air,  also  raise  its  temperature,  thus 
diminishing  its  specific  gravity  by 

expansion,  arid  causing  it  to  ascend  FIG.  74. 

and  give  place  to  fresh  air.  Hence 
the  vitiated  air  always  accumulates 
near  the  ceiling  of  an  apartment, 
and  it  becomes  necessary  to  afford 
it  an  outlet  \)y  opening  the  upper 
sash  of  the  window,  since  the 
chimney  ventilates  immediately 
only  the  lower  part  of  the  room. 

These  principles  may  be  illustrated  by 
some  very  simple  experiments. 

Two  quart  jars  (Fig.  74)  are  filled  with 
carbonic  acid,  and  after  being  tested  with 

a  taper,  a  4  oz.  flask  is  lowered  into  each,  one  flask  containing  cold  and  the  other 
hot  water.  After  a  few  minutes,  the  jar  with  the  cold  flask  will  still  contain  enough 
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FIG.  78. 


frosh  air  being  prevented.  By  breathing  gently  into  A  the  taper  will  also  be  ex- 
tinguished. The  experiment  may  be  varied  by  pouring  carbonic  acid  and  oxygen 
alternately  into  A,  when  the  taper  will  be  extinguished  and  rekindled  by  turns. 

A  pint  bell-jar  (Fig.  79)  is  placed  over  a  taper  standing  in  a  tray  of  water.  If  a 
chimney  (a  common  lamp-glass)  be  placed  on  the  top  of  the  jar,  the  flame  of  the 
taper  will  gradually  die  out,  because  no  provision  exists  for  the  establishment  of  the 
two  currents,  but  on  dropping  a  piece  of  tin-plate  or  card-board  into  the  chimney, 
so  as  to  divide  it,  the  taper  will  be  revived,  and  the  smoke  from  the  brown  paper 
will  distinguish  the  upcast  from  the  downcast  shaft. 

If  a  little  water  be  poured  into  a  wide-mouthed  bottle  of  carbonic  acid, 
and  the  bottle  be  then  firmly  closed  by  the  palm  of  the  hand,  it  will  be 
found,  on  shaking  the  bottle  violently, 
that  the  carbonic  acid  is  absorbed, 
and  the  palm  of  the  hand  is  sucked 
into  the  bottle.  The  presence  of  car- 
bonic acid  in  the  solution  may  be 
proved  by  pouring  it  into  lime-water, 
in  which  it  will  produce  a  precipitate 
of  carbonate  of  lime,  redissolved  by 
a  further  addition  of  the  solution  of 
carbonic  acid. 

One  pint  of  water  shaken  in  a  vessel 
containing  carbonic  acid  gas,  at  the 
ordinary  pressure  of  the  atmosphere,  will  dissolve  about  one  pint  of  the 
gas,  equal  in  weight  to  nearly  16  grains.  If  the  carbonic  acid  be  con- 
fined in  the  vessel  under  a  pressure  equal  to  twice  or  thrice  that  of  the 
atmosphere — that  is,  if  twice  or  thrice  the  quantity  of  carbonic  acid  be 
compressed  into  the  same  space,  the  water  will  still  dissolve  one  pint  of 
the  gas,  but  the  weight  of  this  pint  will  now  be  twice 
or  thrice  that  of  the  pint  of  uncompressed  gas,  so 
that  the  water  will  have  dissolved  32  or  48  grains  of 
the  gas,  according  as  the  pressure  had  been  doubled 
or  trebled.  As  soon,  however,  as  the  pressure  is 
removed,  the  compressed  carbonic  acid  will  resume 
its  former  state,  with  the  exception  of  that  portion 
which  the  water  is  capable  of  retaining  in  solution 
under  the  ordinary  pressure  of  the  atmosphere. 
Thus,  if  the  water  had  been  charged  with  carbonic 
acid  under  a  pressure  equal  to  thrice  that  of  the 
atmosphere,  and  had  therefore  absorbed  48  grains 
of  the  gas,  it  would  only  retain  16  grains  when  the 
pressure  was  taken  off,  allowing  32  grains  to  escape 
in  minute  bubbles,  producing  the  appearance  known 
as  effervescence.  This  affords  an  explanation  of  the 
properties  of  soda-water,  which  is  prepared  by  charging  water  with 
carbonic  acid  gas  under  considerable  pressure,  and  rapidly  confining  it 
in  strong  bottles.  As  soon  as  the  resistance  offered  by  the  cork  to  the 
expansion  of  the  gas  is  removed,  the  excess  of  the  carbonic  acid,  above 
that  which  it  can  hold  in  solution  at  the  ordinary  pressure  of  the  air, 
escapes  with  effervescence.  In  a  similar  manner,  the  waters  of  certain 
springs  become  charged  with  carbonic  acid,  under  high  pressure,  beneath 
the  surface  of  the  earth,  and  when,  upon  their  rising  to  the  surface,  this 
pressure  is  removed,  the  excess  of  carbonic  acid  escapes  with  efferves- 
cence, giving  rise  to  the  sparkling  appearance  and  sharp  flavor  which 
renders  spring  water  so  agreeable.  On  the  other  hand,  the  waters  of 
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A  small  specimen  of  liquid  carbonic  acid  is  easily  prepared.  A  strong  tube  of 
green  glass  (A,  Fig.  80)  is  selected,  about  12  inches  long,  T5^  inch  diameter  in  the 
bore,  and  ^  inch  thick  in  the 

walls.      With  the  aid   of   the  FIG.  80. 

blowpipe    flame   this    tube    is  A 

softened  and  drawn  off  at  about         ^ -^.  ^HlHin.'11'l —11—  .11—10 

an  inch  from  one  end,  as  at  B, 

which  is  thus  closed  (C).    This  D   

operation  should  be  performed      fc __1_><C ~  ^ 

slowly,  in  order  that  the  closed 
end  may  not  be  much  thinner  ^ 

than    the    walls    of    the    tube.  C  <? 7 .' __  ,  ..  HH— — — .         0 

When  the  tube  has  cooled,  be- 
tween 30  and  40  grs.  of  pow- 
dered bicarbonate  of  ammo- 
nia (ordinary  sesquicarbonate 
which  has  crumbled  down)  are 
tightly  rammed  into  it  with  a 
gla?s  rod.  This  part  of  the  tube 
is  then  surrounded  with  a  few 
folds  of  wet  blotting-paper  to 
keep  it  cool,  and  the  tube  is 
bent.  just. beyond  the  carbonate 
of  ammonia,  to  a  somewhat 
obtuse  angle  (D).  The  tube  is 
then  softened  at  about  an  inch 
from  the  open  end,  and  drawn 

out  to  a  narrow  neck  (E),  through  which  a  measured  drachm  of  oil  of  vitriol  is 
poured  down  a  funnel-tube,  so  as  not  to  soil  the  neck,  which  is  then  carefully  drawn 
out  and  sealed  by  the  blowpipe  name,  as  at  F.  The  empty  space  in  the  tube  should 
not  exceed  £  cubic  inch. 

When  the  tube  is  thoroughly  cold,  it  is  suspended  by  strings  in  such  a  position 
that  the  operator,  having  retired  behind  a  screen  at  some  distance,  may  reverse  the 
tube,  allowing  the  acid  to  flow  into  the  limb  containing  the  carbonate  of  ammonia; 
or  the  tube  may  be  fixed  in  a  box  which  is  shut  up,  and  reversed  so  as  to  bring  the 
tube  into  the  required  position. 

If  the  tube  be  strong  enough  to  resist  the  pressure,  it  will  be  found,  after  a  few 
hours,  that  a  layer  of  liquid  carbonic  acid  has  been  formed  upon  the  surface  of  the 
solution  of  sulphate  of  ammonia  By  cooling  the  empty  limb  in  a  mixture  of 
pounded  ice  and  salt,  or  of  hydrochloric  acid  and  sulphate  of  soda,  the  liquid  acid 
can  be  made  to  distil  itself  over  into  this  limb,  leaving  the  sulphate  of  ammonia  in 
the  other. 

Fig.  81  represents  Thilorier's  apparatus  for  the  preparation  of  several  pints  of 
liquid  carbonic  acid  ;  g  is  a  strong  wrought  iron  generator  of  gas  in  which  2  Ibs.  of 
bicarbonate  of  soda  are  well  stirred  with  4  pints  of  water  at  100°  F.  Half  a  pint 
of  oil  of  vitriol  is  poured  into  a  brass  tube  which  is  dropped  upright  into  the  gene- 
rator, as  shown  by  the  dotted  lines  in  the  figure,  which  also  indicate  the  level  of  the 
liquid  in  the  generator.  The  head  of  the  generator  is  then  firmly  screwed  on,  with 
the  help  of  the  spanners  represented  in  the  figure,  and  the  stopcock1  firmly  closed 
by  turning  the  wheel  w.  The  generator  is  then  turned  over  and  over  on  its  trun- 
nions resting  upon  the  stand  s,  for  ten  minutes,  so  that  the  whole  of  the  sulphuric 
acid  may  be  mixed  with  the  solution  of  bicarbonate  of  soda.  The  generator  is  then 
connected  by  the  copper  tube  t  with  the  strong  wrought  iron  receiver  r,  the  stopcock 
of  which  is  attached  to  a  tube  passing  down  to  the  bottom  of  the  vessel.  The  stop- 
cock of  the  receiver  is  then  opened  by  turning  the  wheel  v,  and  afterwards  that  of 
the  generator. 

The  condensed  gas  then  passes  over  into  the  receiver.  After  two  or  three  min- 
utes the  stopcocks  are  again  closed,  the  generator  detached,  the  waste  gas  blown  out 
through  the  stopcock,  the  head  unscrewed,  and  the  generator  emptied  and  recharged. 
After  the  operation  has  been  repeated  three  times,  the  pressure  in  the  receiver  will 
be  found  to  have  liquefied  some  of  the  carbonic  acid,  and  after  seven  charges,  the 
receiver  is  nearly  filled  with  the  liquid  acid.  The  tube  t  is  then  unscrewed  from  the 


1  These  stopcocks  are  steel  screws  with  conical  points  fitting  into  gun-metal  sockets.  Leaden  wash- 
ers are  employed  to  secure  the  tightness  of  the  joints  between  the  iron  vessels  and  their  heads,  which 
are  made  of  gun-metal. 
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If  a  layer  of  ether  be  poured  upon  water,  and  some  solid  carbonic  acid  be  thrown 
into  it,  the  water  is  covered  with  a  layer  of  ice. 

On  immersing  the  bulb  of  a  thermometer  into  the  solution  of  solid  carbonic  acid 
in  ether,  the  mercury  becomes  solid,  and  the  bulb  may  be  hammered  out  into  a  disk. 

By  placing  a  piece  of  filter-paper  in  an  evaporating-dish,  pouring  a  pound  or  so 
of  mercury  int^  it,  immersing  a  wire  turned  into  a  flat  spiral  at  the  end,  covering 
the  mercury  with  ether,1  and  throwing  in  gome  solid  carbonic  acid,  the  mercury 
may  soon  be  frozen  into  a  cake.  If  this  be  suspended  by  the  wire  in  a  vessel  of 
water,  the  mercury  melts,  descending  in  silvery  streams  to  the  bottom  of  the  vessel, 
leaving  a  cake  of  ice  on  the  wire,  with  icicles  formed  during  the  descent  of  the 
mercury. 

Even  in  a  red-hot  vessel,  with  prompt  manipulation,  the  mercury  may  be  solidi- 
fied by  the  solution  of  solid  carbonic  acid  in  ether. 

The  temperature  produced  by  the  evaporation  of  the  solid  carbonic  acid  dissolved 
in  ether  is  estimated  at  — 150° 'F. 

60.  Carbonic  acid  may  be  separated   from  most  other  gases  by  the 
action  of  hydrate  of  potash,  which  absorbs  it,  forming  carbonate  of 
potash.     The  proportion  of  carbonic  acid  is  inferred  either  from  the 
diminution  in  volume  suffered  by  the  gas  when  treated  with  potash,  or 
from  the  increase  of  weight  of  the  latter. 

In  the  former  case  the  gas  is  carefully  measured  over  mercury  (Fig.  83),  with  due 
attention  to  temperature  and  barometric  pressure,  and  a  little  concentrated  solution 
of  potash  is  thrown  up  through  a  curved 

pipette  or  syringe,  introduced  into  the  FIG.  83. 

orifice  of  the  tube  beneath  the  surface 
of  the  mercury.  The  tube  is  gently 
shaken  for  a  few  seconds  to  promote  the 
absorption  of  the  gas,  and,  after  a  few 
minutes'  rest,  the  diminution  of  volume 
is  read  off.  Instead  of  solution  of  potash, 
damp  hydrate  of  potash  in  the  solid 
state  is  sometimes  introduced,  in  the 
form  of  small  sticks  or  balls  attached  to 
a  wire.  To  determine  the  weight  of 
carbonic  acid  in  a  gaseous  mixture,  the 
latter  is  passed  through  a  bulb-apparatus 
(C,  Fig.  84),  containing  astrong  solution 
of  potash,  and  weighed  before  and  after 
the  passage  of  the  gas.  When  the  pro- 
portion of  carbonic  acid  in  the  gas  is 
small,  it  is  usual  to  attach  to  the  bulb- 
apparatus  a  little  tube,  containing  solid 
hydrate  of  potash,  or  chloride  of  cal- 
cium, or  pumicestone  moistened  with 

sulphuric  acid,  for  the  purpose  of  retaining  any  vapor  of  water  which  the  large 
volume  of  unabsorbed  gas  might  carry  away  in  passing  through  the  solution  "of 
potash. 

61.  Ultimate  Organic  Analysis  — It  is  necessary  to  determine  in  this 
manner  the  weight  of  carbonic  acid,  in  order  to  ascertain  the  proportion 
of  carbon  present  in  organic  substances.    For  this  purpose,  an  accurately 
weighed  quantity  (usually  from  seven  to  ten  grains)  of  the  organic  sub- 
stance is  very  carefully  mixed  with  some  compound  from  which  it  can 
obtain  oxygen  at  a  high  temperature,  such  as  oxide  of  copper  (CuO)  or 
chromate  of  lead  (PbO.CrOj,  care  being  taken  to  employ  a  large  excess 
of  the  oxidizing  agent.    The  mixture  is  introduced  into  a  combustion-tube 
of  German  glass  (which  is  free  from  lead  and  noted  for  its  infusibility)  of 
the  form  sliown  in  A,  Fig.  84.    This  tube  is  provided  with  a  small  tube  B, 
containingchlorideof  calcium,  which  is  connected  by  a  tube  of  caoutchouc 

1  Much  economy  of  solid  carbonic  acid  results  from  the  use  of  the  an(esthetic  ether  in  these  experi- 
ments. 


Ill 


ANALYSIS    OP    ORGANIC    SUBSTANCES. 


with  tin-  pot-i-di-bulbs  C.     On   gradually    heating   the  tube  in  :i 
furnace.  |  proprrh  -a^burner.    the    h  .tnd 

«>n  contain*  <1  in  t :  ••!> . 

•  water  an < I  carbonic  arid.  I  ,MMI  deri\ed  from  tin-  rlir.u. 

cad  or  oxide  of  copprr.      T  ••••.!  by  tin-  chlori'l' 

Mini  in   !'•.  ami  tin-  increase  of  Wright    in    thi-^   tube  will  indicate  the 

,,l.u-ti..n,    wliiUt    that   of  tin-    potash 

tmlhs  will  f%how  tin-  wri^ht  of  the  carlmiiir  a, -i.l.  NN'lu-ii  the  \\h«.le  length 
of  the  tulie  i-  ceil  h»t.  Mini  ii<>  more  gas  passes  through  the  )>ull»s. 
the  Denied  point  I>  of  the  tnl>e  i-  1'ioken  oil,  aii-1  air  drawn  'hi-oii^h  1,\ 

1     1...     H|. 


Apparatus  for  organic  analysis. 

applvinur  Auction  ni    ]•].  in  oi-ler  to  xwvrp  out  the  la>t  traces  of  water  an. I 
carbonic  acid  into  tin-  ehloi-ide  of  ealeium  and  jiota^h.     Sometime^  tin- 
organic  stil.-tanc-e   i>   lieated    in    a    little    platinum   tray,  placed  \\  it  hin  a 
glass  tube,  through  which  a  stream  of  pure  oxygen  is  passed,  tin  pn>.l 
of  combustion    bri  !l>   pa>-    o\.-r    re.l-hot    tixiil- 

co|.|  :i\ert  any  carhonic  oxitle  into  c'arl'oi,  md    colh-.-ted 

\Vheii  the  organic  substance  contains  carbon,  hydro^.  ; 
the  weight    of   this    last   is  inferred    1-y  subtracting  the    \\ei^hts    of  tlie 

on    and    hydrogen    from   that  of  the  substance.     As  an  examp 
the  •////«  fan  orya  .  tlu-  results  of  an  ana; 

of  oxalic  acid  are  here  given  : 

10  grs.of  oxnl  -12°  F.,  gave  9.78  grs.  of  < -arl.oni 

and  2.00  grs.  of  water. 

CO,        C 

It        :       !•_' 

x  =  2.67  grs.  of  carbon  in  10  grs.  of  oxalic  nc  id. 

1M)          11  ll<> 

18     :      2      ::       2.00 
y  =  0.22  gr.  of  hydrogen  in   In  grs.  of  oxalic  acid. 

It    h:i\ing  been  Ascertained    by   preliminary   expei 
irbon.    h\ 
.d    liNdio^,  11)  =  7.11  e:  N.^'n  in    in  gr>*.  of 

•hat 

10     grs.  of  o\  a  in 

2.67  '"-11, 

and 
7.1  1 


EMPIRICAL    AND    RATIONAL    FORMULA.  115 

Empirical  and  Rational  Formulae. — In  order  to  deduce  from  these 
numbers  the  chemical  formula  for  oxalic  acid,  that  is,  the  formula  ex- 
pressing the  number  of  atoms  of  each  element,  it  will  be  necessary,  of 
course,  to  divide  the  weight  of  each  element  by  the  number  represent- 
ing its  atomic  weight. 

Thus  2.6T  -J-  12  =  0.22  atomic  proportion  of  carbon; 

0.22  4-      1  =  0.22         "  hydrogen; 

7.11  -4-   16  =  0.44         "  "  oxygen. 

And  the  formula  of  oxalic  acid  might  be  written  C.22H.220.44.  But  as 
fractions  are  not  admissible  in  such  a  formula,  it  would  be  written 
0,,H2.,O44.  This,  however  is  only  an  empirical  formula  for  oxalic  acid, 
that  is,  a  formula  which  represents  its  composition  only,  without  refer- 
ence to  its  constitution,  i.  e.,  to  the  absolute  number  of  atoms  present, 
and  to  the  mode  in  which  they  are  grouped  or  arranged  within  the  com- 
pound. A  formula  professing  to  give  such  information  would  be  termed 
a  rational  formula,  and  can  only  be  arrived  at  by  the  careful  study  of 
the  relation  of  the  substance  under  examination  to  others  of  which  the 
combining  weights  are  certainly  known.  Thus,  it  is  found  that  one 
molecule  (56  parts)  of  caustic  potash  (KHO)  requires  45  parts  of  dry 
oxalic  acid  to  neutralize  it  and  form  the  oxalate  of  potash.  Hence  it  is 
reasonable  to  regard  45  as  the  molecular  weight  of  dry  oxalic  acid. 
Since  the  above  analysis  has  proved  this  quantity  of  oxalic  acid  to  con- 
tain 12  (one  atom)  of  carbon,  1  (one  atom)  of  hydrogen,  and  32  (two 
atoms)  of  oxygen,  the  formula  would  be  written  CHO2.  The  action  of 
oxalic  acid  upon  caustic  potash  would  then  be  represented  by  the  equa- 
tion KHO  H-  CH02  =  H20  -f  CKO2  (oxalate  of  potash).  "  But  there 
is  another  oxalate  which  has  the  formula  C2KHO4  (binoxalate  of  potash) 
in  which  only  one-half  of  the  hydrogen  is  displaced  by  potassium. 
Hence  there  must  be  two  atoms  of  hydrogen  in  the  molecule  of  oxalic 
acid,  and  its  formula  is  C2H204.  In  determining  whether  this  formula 
represents  only  one  grouping  of  the  elements,  or  whether  it  contains  two 
or  more  groups  in  combination,  the  chemist  is  guided  by  the  results  of 
a  more  minute  study  of  the  decompositions  which  the  compound  under- 
goes under  varied  conditions. 

62.  Salts  formed  by  Carbonic  Acid. — Although  so  ready  to  combine 
with  the  alkalies  and  alkaline  earths  (as  shown  in  its  absorption  by 
solution  of  potash  and  by  lime-water),  carbonic  acid  must  be  classed 
among  the  weaker  acids.  It  does  not  neutralize  the  alkalies  completely, 
and  it  may  be  displaced  from  its  combinations  with  bases  by  most  other 
acids.  Its  action  upon  the  coloring  matter  of  litmus  is  feeble  and 
transient.  If  a  solution  of  carbonic  acid  in  water  be  added  to  blue 
infusion  of  litmus,  a  wine-red  liquid  is  produced,  which  becomes  blue 
again  when  boiled,  losing  its  carbonic  acid ;  whilst  litmus  reddened  by 
sulphuric,  hydrochloric,  or  nitric  acid,  acquires  a  brighter  red  color, 
which  is  permanent  on  boiling. 

With  each  of  the  alkalies  carbonic  acid  forms  two  well-defined  salts, 
the  carbonate  and  bicarbonate.  Thus,  the  carbonates  of  potash  and  soda 
are  represented  by  the  formulae,  K.,O.CO2  and  Na2O.CO2,  whilst  the 
bicarbonates  are  KHO.C02  and  NaHO.CO2.  The  existence  of  the  latter 
salts  would  favor  the  belief  in  the  existence  of  a  hydrate  of  carbonic  acid 
(H2O.C02),  although  no  such  combination  of  water  with  carbonic  acid 
has  yet  been  obtained  in  the  separate  state.  Perfectly  dry  carbonic  acid 
gas  is  not  absorbed  by  pure  quicklime  (CaO),  but  when  a  little  water  is 
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63.  Analytical  Proof  of  the  Composition  of  Carbonic  Acid. — Lavoisier  appears  to 
have  been  the  first  to  prove  that  carbonic  acid  was  formed  when  carbon  combined 
with  oxygen,  but  its  composition  was  tirst  analytically  demonstrated  by  Smithson 
Tennant,  who  heated  carbonate  of  lime  with  phosphorus  in  a  sealed  glass  tube,  and 
obtained  phosphate  of  lime  and  carbon,  the  latter  having  parted  with  its  oxygen  to 
convert  the  phosphorus  into  phosphoric  acid. 

A  far  easier  method  of  demonstrating  the  composition  of  carbonic  acid  consists  in  1 
introducing  a  pellet  of  potassium  into  a  bulb  tube,  through  which  a  current  of  car- 
bonic acid  (dried  by  passing  through  oil  of  vitriol,  or  over  chloride  of  calcium)  is ', 
flowing,  and  applying  the  heat  of  a  spirit-lamp  to  the  bulb.     The  metal  will  soon  } 
burn  in  the  gas,  which  it  robs  of  its  oxygen,  leaving  the  carbon  as  a  black  mass 
upon  the  bulb  (Fig.  86).     The  potash  produced  by  the  oxidation  of  the  potassium 
enters  into  combination  with  another  portion  of  the  carbonic  acid,  forming  a  white 
mass  of  carbonate  of  potash,  3CO2  -f  K4  =  2(K2O  .  CO2)  -f  C.     If  slices  of  sodium  , 
be  arranged  in  a  test-tube  in  alternate  layers  with  dried  chalk  (carbonate  of  lime), 
and  strongly  heated  with  a  spirit-lamp,  vivid  combustion  will  ensue,  and  much  car-  ' 
bon  will  be  separated  (CaO  .  CO.,  -f  Na4  =  CaO  +  2Na2O  +  C). 

When  the  action  of  the  sodium  upon  carbonic  acid  is  moderated  by  employing  it 
in  the  form  of  a  mixture  with  pure  dry  sand,  and  by  keeping  the  temperature  below 
the  boiling-point  of  mercury,  oxalate  of  sodium  is  produced  by  the  combination  of 
the  sodium  with  the  elements  of  the  carbonic  acid,  Na2  -f-  2CO2  =  ]STn^C.,O4  (oxalate 
of  sodium). 

FIG.  86. 


64.  CARBONIC  OXIDE  (CO  —  28  parts  by  weight  =  2  volumes).—- 
Other  metals,  which  are  not  endowed  with  so  powerful  an  attraction  for 
oxygen,  do  not  carry  the  decomposition  of  carbonic  acid  to  its  final 
limit;  thus,  iron  and  zinc1  at.  a  high  temperature  will  only  deprive  the 
gas  of  one-half  of  its  oxygen,  a  result  which  may  also  be  brought  about 
at  a  red  heat  by  carbon  itself.  If  an  iron  tube  filled  with  fragments  of 
charcoal  be  heated  to  redness  in  a  furnace  (Fig.  9),  and  carbonic  acid 
gas  be  transmitted  through  it,  it  will  be  found,  on  collecting  the  gas 
which  issues  from  the  other  extremity  of  the  tube,  that  it  has  no  longer 
the  properties  of  carbonic  acid,  but  that,  on  the  approach  of  a  taper,  it 
takes  fire,  and  burns  with  a  beautiful  blue  lambent  flame,  similar  to  that 
which  is  often  observed  to  play  over  the  surface  of  a  clear  fire.  Both 
flames,  in  fact,  are  due  to  the  same  gas,  and  in  both  cases  this  gas  re- 
sults from  the  same  chemical  change,  for  in  the  tube  the  carbonic  acid 
yields  half  of  its  oxygen  to  the  charcoal,  both  becoming  converted  into 
carbonic  oxide;  C02  +  C  —  2CO.  In  the  fire,  the  carbonic  acid  is 
formed  by  the  combustion  of  the  carbon  of  the  fuel  in  the  oxygen  of  the 
air  entering  at  the  bottom  of  the  grate  ;  and  this  carbonic  acid  in  pass- 
ing over  the  layer  of  heated  carbon  in  the  upper  part  of  the  fire,  is 

1  Magnesium  also  reduces  carbonic  acid  to  carbonic  oxide. 
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or  charcoal,  when  a  highly  inflammable  gas  was  obtained,  containing 
carbonic  acid,  carbonic  oxide,  and  hydrogen  : 

4H20     +     C3  =  C02     +     2CO     +     H8. 

Since  neither  hydrogen  nor  carbonic  oxide  burns  with  a  luminous  flame, 
this  gas  was  next  passed  into  a  vessel  containing  red-hot  coke,  over 
which  melted  resin  was  allowed  to  trickle.  The  action  of  heat  upon  the 
resin  gave  rise  to  the  production  of  vapors  similar  to  that  of  the  benzole 
employed  in  the  above  experiment,  and  which,  in  like  manner,  conferred 
considerable  illuminating  power  upon  the  gas. 

The  decomposition  of  steam  by  red-hot  carbon  is  also  taken  advantage 
of  in  order  to  procure  a  flame  from  anthracite  coal  when  employed  for 
heating  boilers.  The  coal  being  burnt  on  fish-bellied  bars,  beneath 
which  a  quantity  of  water  is  placed,  the  radiated  heat  converts  the 
water  into  steam,  which  is  carried  by  the  draught  into  the  fire,  where  it 
furnishes  carbonic  oxide  and  hydrogen,  both  capable  of  burning  with 
flame  under  the  bottom  of  the  boiler.  The  temperature  of  the  bars  is 
also  thus  reduced,  so  that  they  are  not  so  much  injured  by  the  intense 
heat  of  the  glowing  fuel. 

66.  Carbonic  oxide,  unlike  carbonic  acid,  is  a  permanent  gas,  and 
nearly  insoluble  in  water.     It  is  even  lighter  than  air,  its  specific  gravity 
being  0.967.'    In  its  chemical  relations  it  is  an  indifferent  oxide,  that  is, 
it  has  neither  acid  nor  basic  properties. 

67.  A  very  instructive  process  for  obtaining  carbonic  oxide,  consists  in  heating 
crystallized  oxalic  acid  with  three  times  its  weight  of  oil  of  vitriol.     If  the  gas  be 
collected  over  water  (Fig.  88),  and  one  of  the  jars  be  shaken  with  a  little  lime-water, 
the  milkiness  imparted  to  the  latter 

will  indicate  abundance  of  carbonic  FIG.  88. 

acid  ;  whilst,  on  removing  the  glass 

plate,  and  applying  a  light,  the  car- 

bonic   oxide    will    burn    with     its 

characteristic  blue  flame.     The  gas 

thus  obtained  is  a  mixture  of  equal 

volumes  of  carbonic  oxide  and  car- 

bonic acid  gases.     Crystallized  ox- 

alic   acid    is    represented    by    the 

formula  C2H2O4.  2Aq.,    and  if  the 

water  of  crystallization  be  left   out 

of  consideration,  its  decomposition 

may  be  represented  by  the  equation  : 

C2H204  =  H20    +    CO    +    C02, 

the  change  being  determined  by  the     — 

attraction   of  the  oil  of  vitriol  for 

water.      To   obtain    pure   carbonic 

oxide,  the  mixture  of  gases  must  be  passed  through  a  bottle  containing  solution 

of  potash,  to  absorb  the  carbonic  acid  (Fig.  89). 

But  pure  carbonic  oxide  is  much  more  easily  obtained  by  the  action  of  four  parts 
of  oil  of  vitriol  upon  one  part  of  crystallized  fexrocyanide  of  potassium  (yellow  prus- 
siate  of  potash)  at  a  moderate  heat,  the  lamp  being  removed  as  soon  as  the  effer- 
vescence  begins  to  take  place.  Since  the  gas  contains,  especially  at  the  commence- 
ment, small  incidental  quantities  of  sulphurous  and  carbonic  acids,  it  must  be  passed 
through  solution  of  potash  if  it  be  required  perfectly  pure.  The  chemical  change 
which  occurs  in  this  process  is  expressed  thus  ; 
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K4C6N6Fe 

Ferrocyanide  of 
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Sulphate  of  potash. 


6(H2O  .  SO3) 


3[(NH3)2  .  H2O  .  SO3] 
Sulphate  of  ammonia. 


FeO  .  SO3 
Sulphate  of  iron. 
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a  bottle  of  lime-water  (B,  Fig.  90),  to  prove  the  absence  of  carbonic  acid,  then  over 
oxide  of  copper,  contained  in  the  tube  C,  and  afterwards  again  through  lime-water 
in  D.  When  enough  gas  has  been  passed  to  expel  the  air,  heat  may  be  applied  to 
the  tube  by  the  gauze-burner  E,  when  the  formation  of  carbonic  acid  will  be  im- 
mediately shown  by  the  second  portion  of  lime-water,  and  the  black  oxide  of  copper 
will  be  reduced  to  red  metallic  copper. 

If  precipitated  peroxide  of  iron  be  substituted  for  oxide  of  copper,  iron  in  the  state 
of  black  powder  will  be  left,  and  if  allowed  to  cool  in  the  stream  of  gas,  will  take 
fire  when  it  is  shaken  out  into  the  air,  becoming  reconverted  into  the  peroxide 
(iron  pyrophorus). 

69.  Composition  by  Volume  of  Carbonic  Oxide  and  Carbonic  Acid. — 
When  carbon  burns  in  oxygen,  the  volume  of  the  carbonic  acid  produced 
is  exact!}7  equal  to  that  of  the  oxygen,  so  that  one  volume  of  oxygen 
furnishes  one  volume  of  carbonic  acid  gas,  or  a  molecule  (2  vols.,  see  p. 
69)  of  carbonic  acid  contains  2  vols.  of  oxygen. 

When  one  volume  of  carbonic  acid  (containing  one  volume  of  oxygen) 
is  passed  over  heated  carbon,  it  yields  two  volumes  of  carbonic  oxide  ; 
hence  two  volumes,  or  one  molecule,  of  this  gas  contain  one  volume  of 
oxygen. 

Specific  gravity  (to  H)  of  CO2,  i.  e.,  weight  of  one  volume,         .       22 
Specific  gravity  (to  H),  or  weight  of  one  volume,  of  O,        .         .       16 

"Weight  of  carbon  in  one  volume  of  CO2, 6 

Hence,  a  molecule,  2  vols.  or  44  parts  by  weight,  of  CO2,  contains  12  parts  by 
weight  of  carbon. 

Specific  gravit}T  (to  H),  or  weight  of  one  volume,  of  CO,  =  14 

Weight  of  two  volumes  of  CO, 28 

Weight  of  one  volume  of  O, 16 

Weight  of  carbon  in  two  volumes  (or  one  molecule)  of  CO,     12 

70.  The  atomic  iveight   of   carbon   is  generally  assumed  to  be  12, 
though,  in  consequence  of  the  impossibility  of  determining  the  weight 
of  one  volume  of  carbon  vapor  by  experiment,  the  chemist  is  compelled 
to  surrender  himself,  in  this  matter,  to  the  guidance  of  analogy  and  of 
purely  theoretical  considerations. 


COMPOUNDS  OF  CARBON  AND  HYDROGEN. 

71.  No  two  elements  are  capable  of  occurring  in  so  many  different 
forms  of  combination  as  carbon  and  hydrogen.  The  hydrocarbon*,  as 
their  compounds  are  generally  designated,  include  most  of  the  inflam- 
mable gases  which  are  commonly  met  with,  and  a  great  number  of  the 
essential  oils,  naphthas,  and  other  useful  substances.  There  is  reason  to 
believe  that  all  these  bodies,  even  such  as  are  found  in  the  mineral 
kingdom,  have  been  originally  derived  from  vegetable  sources,  and  their 
history  belongs,  therefore,  to  the  department  of  organic  chemistry.  The 
three  simplest  examples  of  such  compounds  will,  however,  be  brought 
forward  in  this  place,  to  afford  a  general  insight  into  the  mutual  relations 
of  these  two  important  elements.  Their  names  and  composition  are, 
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that  it  shall  burn  with  a  small  flame  at  the  end  of  the  tube.  A  feeble  current  of 
air  is  then  allowed  to  issue  from  the  tube  E,  which  is  parsed  up  through  the  flame 
into  the  adapter,  where  the  jet  of  air  continues  to  burn  in  the  coal-gas,1  and  may 
be  kept  burning  for  hours  with  a  little  attention  to  the  proportions  in  which  the  gas 
and  air  are  supplied.  A  solution  of  subchloride  of  copper  in  ammonia  is  poured 
into  the  separating  funnel  through  the  lateral  opening  G,  so  that  the  imperfectly 
burnt  gas  may  pass  through  it,  when  the  cuprous  acetylide  is  precipitated  in  abun- 
dance. When  a  sufficient  quantity  has  been  formed,  or  the  copper  solution  is  ex- 
hausted, the  liquid  is  run  out  through  the  stopcock  (H)  on  to  a  fllter,  and  replaced 
by  a  fresh  portion.  The  precipitate  may  be  rinsed  into  a  flask  provided  with  a 
funnel-tube  and  delivery-tube,  allowed  to  subside,  the  water  decanted  from  it, 
and  some  strong  hydrochloric  acid  poured  in  through  the  funnel.  On  heating, 
the  acetylene  is  evolved,  and  may  be  collected,  either  over  water,  or  more  economi- 
cally in  a  small  gas-bag,  or  in  a  mercurial  gas-holder.  To  obtain  a  pint  of  the  g:is, 
as  much  of  the  moist  copper  precipitate  is  required  as  will  measure  about  six  ounces 
after  settling  down.  Such  a  quantity  may  be  prepared  in  about  six  hours. 

A  solution  of  cuprous  chloride  suitable  for  this  experiment  is  conveniently  pre- 
pared in  the  following  manner:  500  grains  of  black  oxide  of  copper  are  dissolved 
in  seven  measured  ounces  of  common  hydrochloric  acid,  in  a  flask,  and  boiled  tor 
about  twenty  minutes  with  400  grains  of  copper  in  filings  or  fine  turnings.  The 
brown  solution  of  cuprous  chloride  in  hydrochloric  acid  thus  obtained  is  poured  into 
about  three  pints  of  water  contained  in  a  bottle;  the  white  precipitate  (cuprous 
chloride)  is  allowed  to  subside,  the  water  drawn  ofl'  with  a  siphon,  and  the  precipi- 
tate rinsed  into  a  twenty-ounce  bottle,  which  is  then  quite  filled  with  water  and 
closed  with  a  stopper.  When  the  precipitate  has  again  subsided,  the  water  is  drawn 
off,  and  four  ounces  of  powdered  chloride  of  ammonium  are  introduced,  the  bottle 
being  again  filled  up  with  water,  closed  and  shaken.  The  cuprous  chloride  is  en- 
tirely dissolved  by  the  chloride  of  ammonium,  but  would  be  reprecipitated.  if  more 
water  were  added.  When  required  for  the  precipitation  of  acetylene,  the  solution 
may  be  mixed  with  about  one-tenth  of  its  bulk  of  strong  ammonia  (.880),  which 
may  be  poured  into  the  separating  funnel  (D)  before  the  copper  solution  is  intro- 
duced. Four  measured  ounces  of  the  solution  are  sufficient  for  one  charge,  and 
yield,  in  three  hours,  about  three  measured  ounces  of  the  moist  precipitate.  The 
blue  solution  of  aminoniacal  cupric  chloride,  filtered  from  the  red  precipitate,  may 
be  rendered  serviceable  again  by  being  shaken,  in  a  stoppered  bottle,  with  precipi- 
tated copper,  prepared  by  reducing  a  solution  of  sulphate  of  copper,  acidulated  with 
hydrochloric  acid,  with  a  plate  of  zinc. 

The  red  precipitate  is  said  to  consist  chiefly  of  the  oxide  of  a  com- 
pound formed  from  acetylene  by  the  substitution  of  Cu  for  H.  This 
compound,  C2CuH,  has  been  named  by  Beit  helot  cupros-acetyle,  and 
may  be  regarded  as  the  radical  of  a  series  of  compounds.  If  but  little 
free  ammonia  be  present  in  the  solution  of  cuprous  chloride,  the  pre- 
cipitate will  contain  the  chloride  of  cupros-acetyle  (C2CuH)  Cl,  as  well 
as  the  oxide. 

If  the  acetylene  copper  precipitate  be  collected  on  a  filter,  washed, 
and  dried  either  by  mere  exposure  to  the  air,  or  over  oil  of  vitriol,  it 
will  be  found  to  explode  with  some  violence  when  gently  heated,  and  it 
is  said  that  the  accidental  formation  of  this  compound  in  copper  or 
brass  pipes,  through  which  coal-gas  passes,  has  occasionally  given  rise 
to  explosions. 

When  Acetylene  is  passed  through  solution  of  nitrate  of  silver,  a  white  curdy  pre- 
cipitate is  formed,  resembling  chloride  of  silver  in  appearance,  but  insoluble  in 
ammonia  (which  turns  it  yellow)  as  well  as  in  nitric  acid.  It  may  be  obtained  by 
allowing  the  imperfectly  burnt  gas  from  the  apparatus  in  Fig.  9l'  to  pass  through 
nitrate  of  silver. 

When  this  precipitate  is  washed  and  allowed  to  dry,  it  is  violently  explosive  if 

1  It  is  advisable  to  attach  a  piece  of  thin  platinum  wire  to  the  mouth  of  the  glass  tube  to  render 
the  flame  of  the  air  more  visible. 
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Preparation  of  defiant  gas. 


73.  Olefiant  gas  (C2H4  =  28  parts  by  weight  =  2  volsA— This  gas 
is  found  in  larger  quantity  than  acetylene,  among  the  products  of  the 
action  of  heat  upon  coal  and 
other  substances  rich  in  carbon, 
and  it  is  one  of  the  most  im- 
portant constituents  of  the  illu- 
minating gases  obtained  from 
such  materials. 

Olefiant  gas  may  readily  be 
prepared  by  the  action  of  strong 
sulphuric  acid  (oil  of  vitriol, 
H.,0  .  SO3)  upon  alcohol  (spirit 
of" wine  C2H6O). 

Two  measures  of  oil  of  vitriol  are 
introduced  into  a  flask  (Fig.  92),  and 
one  measure  of  alcohol  is  gradually 
poured  in,  the  flask  being  agitated 
after  each  addition  of  the  acid  ;  much 
heat  is  evolved,  and  there  would  be 

danger  in  mixing  large  volumes  suddenly.1  On  applying  a  moderate  heat,  the  liquid 
will  darken  in  color,  effervescence  will  take  place,  and  the  gas  may  be  collected  in 
jars  tilled  with  water.  When  the  mixture  has  become  thick,  and  the  evolution  of 
the  gas  is  slow,  the  end  of  the  tube  must  be  removed  from  the  water  and  the  lamp 
extinguished.  Three  measured  ounces  of  spirit  of  wine  generally  give  about  600 
cubic  inches  of  olctiant  gas. 

The  gas  will  ho  found  to  have  a  very  peculiar  odor,  in  which  that  of  ether  and  of 
sulphurous  acid  are  perceptible.  One  of  the  jars  may  be  closed  with  a  glass  plate, 
and  placed  upon  the  table  with  its  mouth  upwards;  on  the  approach  of  a  flame  the 
gas  will  take  tire,  burning  with  a  bright  white  flame  characteristic  of  olefiant  gas. 
and  seen  to  best  advantage  when,  after  kindling  the 
gas,  a  stream  of  water  is  poured  down  into  the  jar  in 
order  to  displace  the  gas  (Fig.  93). 

Another  jar  of  the  gas  may  be  well  washed  by 
transferring  it  repeatedly  from  one  jar  to  another 
under  water,  a  little  solution  of  potash  may  then  ho 
poured  into  it,  and  the  jar  violently  shaken,  its  mouth 
being  covered  "nth  a  glass  plate;  the  potash  will  re- 
move all  the  sulphurous  acid,  and  the  gas  will  now 
exhibit  the  peculiar  faint  odor  which  belongs  to  ole- 
fiant gas. 

The  purified  gas  may  be  transferred,  under  water, 
to  another  jar,  kindled,  and  allowed  to  burn  out;  if 
a  little  lime-water  be  then  shaken  in  the  jar,  its  tur- 
bidity will  indicate  the  presence  of  carbonic  acid, 
which  is  produced,  together  with  water,  when  olefiant 
gas  barns  in  air:  C,H4  -f  O6  =  2CO2  -f-  2H2O. 

On  comparing  the  composition  of  olefiant 
gas  (C2H4)  with  that  of  alcohol  (C2HfiO),  it 
is  evident  that  the  former  may  be  supposed 
to  be  produced  from  the  latter  by  the  ab- 
straction of  a  molecule  of  water  (H2O)  which 
is  removed  by  the  sulphuric  acid,  though 
other  secondary  changes  take  place,  resulting  in  the  separation  of  car- 
bonaceous matter  and  the  production  of  sulphurous  acid.  A  more  com- 
plete explanation  of  the  action  of  sulphuric  acid  upon  alcohol  must  be 
reserved  for  the  chemical  history  of  this  compound. 


FIG.  93. 


1  If  methylated  spirit  be  employed,  the  mixture  will  have  a  dark  red-brown  color. 
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The  action  of  heat  upon  oleflant  gas  is  most  conveniently  shown  by  exposing  it  to 
the  spark  from  an  induction  coil. 

The  gas  is  confined  in  a  tube   (A,  Fig.  96)  which  is  placed  FIG. 96. 

in  n  cylindrical  jar  (B)  containing  mercury.  Through  the 
mercury  passes  a  copper  wire  (C)  thrust  through  a  glass 
tube  (D)  to  insulate  it  from  the  mercury  ;  this  wire  is  con- 
nected with  one  of  the  wires  (E)  from  the  induction  coil, 
whilst  the  other  (F)  is  allowed  to  dip  into  the  mercury  con- 
tained in  the  cylinder.  On  putting  the  coil  in  action  (with 
two  or  three  cells  of  Grove's  battery),  the  spark  will  pass 
between  the  extremity  (C)  of  the  insulated  copper  wire  and 
the  surface  of  the  mercury  in  the  tube,  decomposing  the  ole- 
flant gas  in  its  passage,  and  causing  a  separation  of  carbon, 
which  sometimes  forms  a  conducting  communication,  and 
allows  the  current  to  pass  without  a  spark.  This  may  be 
obviated  by  reversing  the  current,  or  by  gently  shaking  the 
tube. 

The  olefiant  gas  will  expand  to  nearly  twice  its  former 
volume,  so  that  the  tube  will  gradually  rise  in  the  mercury, 
but  the  same  distance  may  always  be  maintained  for  the 
passage  of  the  spark. 

To  show  the  production  of  acetylene,  another  arrangement  will  be  found  con- 
venient (Fig.  97).  A  globe  with  four  necks  is  employed;  through  two  of  these 
necks  are  passed,  air-tight  with  perforated  corks,  the  copper  wires  connected  with 

FIG.  97. 


Preparation  of  cuprous  acetylide  from  olefiant  gas. 

the  induction  coil.  A  third  neck  receives  a  tube,  conveying  olefiant  gas  from  a 
gas-holder,  whilst  from  the  fourth  proceeds  a  tube  dipping  to  the  bottom  of  a  small 
cylinder.  When  the  whole  of  the  air  has  been  displaced  by  olefiant  gas,  a  solution 
of  subchloride  of  copper  in  ammonia  is  poured  into  the  cylinder,  and  the  gas  allowed 
to  bubble  through  it,  when  the  absence  of  acetylene  will  be  shown  by  there  being  no 
red  compound  formed.  As  soon,  however,  as  the  spark  is  passed,  the  red  precipitate 
will  appear,  and,  in  a  very  few  minutes,  a  large  quantity  will  be  deposited.  Coal-gas 
maybe  employed  instead  of  olefiant  gas,  but  of  course  less  of  the  copper-compound 
will  be  obtained. 

74.  Marsh-gas,  or  Light  Carburetted  Hydrogen  (CH4  —  16  parts  by 
weight  =  2  vols.). — Unlike  acetylene  and  olefiant  gas,  this  hydrocarbon 
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through  the  air  of  the  mine,  with  which  it  forms  an  explosive  mixture 
as  soon  as  it  amounts  to  one-eighteenth  of  the  volume  of  the  air.  The 
gas  issuing  from  the  blower  would  burn  quietly  on  the  application  of  a 
light,  since  the  marsh-gas  is  not  explosive  unless  mixed  with  the  air, 
when  a  large  volume  of  the  gas  is  burnt  in  an  instant,  causing  a  sudden 
evolution  of  a  great  deal  of  heat,  and  a  consequent  sudden  expansion 
or  explosion  exerting  great  mechanical  force.  The  most  violent  explo- 
sion takes  place  when  one  volume  of  marsh-gas  is  mixed  with  two 
volumes  of  oxygen,  since  this  quantity  is  exactly  sufficient  to  effect  the 
complete  combustion  of  the  carbon  and  hydrogen  of  the  gas,  and,  there- 
fore, to  evolve  the  greatest  amount  of  heat:  CH4  +  04  =  C02  +  2H20. 
The  calculated  pressure  exerted  by  the  exploding  mixture  of  marsh-gas 
and  oxygen  amounts  to  37  atmospheres,  or  555  Ibs.  upon  the  square 
inch.  Since  air  contains  one-fifth  of  its  volume  of  oxygen,  it  would  be 
necessary  to  employ  ten  volumes  of  air  to  one  volume  of  marsh-gas  in 
order  to  obtain  perfect  combustion,  but  the  explosion  will  be  much  less 
violent  on  account  of  the  presence  of  the  eight  volumes  of  inert  nitro- 
gen, the  calculated  pressure  exerted  by  the  explosion  being  only  14 
atmospheres,  or  210  Ibs.  on  the  square  inch.  Of  course,  if  more  air  is 
employed,  the  explosion  will  be  proportionally  weaker,  until,  when  there 
are  more  than  eighteen  volumes  of  air  to  each  volume  of  marsh-gas,  the 
mixture  will  be  no  longer  explosive,  but  will  burn  with  a  pale  flame 
around  a  taper  immersed  in  it.  '  The  carbonic  acid  resulting  from  the 
explosion  is  called  by  miners  the  after-damp,  and  its  effects  are  gener- 
alty  fatal  to  those  who  may  have  escaped  death  from  the  explosion  itself. 
Fortunately,  marsh-gas  requires  a  much  higher  temperature  to  inflame 
it  than  most  other  inflammable  gases ;  thus  a  solid  body  at  an  ordinary 
red  heat  does  not  kindle  the  gas,  contact  with  flame,  or  with  a  body 
heated  to  whiteness,  being  required  to  ignite  it. 

If  two  strong  gas  cylinders  be  filled  respectively  with  mixtures  of  2  volumes 
hydrogen  with  1  volume  oxygen,  and  of  1  volume  marsh-gas  and  2  volumes  oxygen, 
it  will  be  found,  on  holding  them  with  their  mouths  downwards,  and  inserting  a  red- 
hot  iron  bar  (Fig.  99),  that  the  marsh-gas  mixture  will  not  explode,  but  if  the  bar 
be  transferred  at  once  to  the  hydrogen  mixture, 

explosion  will  take  place.     A  lighted  taper  may  FIG.  99. 

then  be  used  to  explode  the  marsh-gas  and  oxygen. 

Coal-gas,  although  answering  very  well  for 
many  illustrations  of  the  properties  of  marsh-gas, 
cannot  be  used  in  this  experiment,  since  some  of 
its  constituents  inflame  at  a  far  lower  temperature. 


In  consequence  of  the  high  temperature 
required  to  inflame  the  mixture  of  marsh- 
gas  and  air,  it  is  necessary  that  the  mixture 
be  allowed  to  remain  for  an  appreciable 
time  in  contact  with  the  flame  before  its 
particles  are  raised  to  the  igniting-point. 

It  was  on  this  principle  that  Stephenson's  original  safety  lamp  was  con- 
structed,  the  flame  being  surrounded  with  a  tall  glass  chimney,  the  rapid 
draught  through  which  caused  the  explosive  mixture  to  be  hurried  past 
the  flame  without  igniting. 

To  illustrate  this,  a  copper  funnel  holding  about  two  quarts  (Fig.  100)  is  employed, 
the  neck  of  which  has  an  opening  of  about  \  inch  in  diameter.  The  funnel  being 
placed  mouth  downwards  in  the  pneumatic  trough,  the  orifice  is  closed  with  the 
finger,  and  half  a  pint  of  coal-gas  passed  up  into  the  funnel.  The  latter  is  now 
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The  safety  lamp  is  an  oil  lamp,  the  flame  of  which  is  surrounded  by  a 
cage  of  iron  wire  gauze,  having  700  or  800  meshes  in  the  square  inch, 
and  made  double  at  the  top  where  the  heat  of  the  flame  chiefly  plays. 
This  cage  is  protected  by  stout  iron  wires 
attached  to  a  ring  for  suspending  the  lamp.  FIG.  103. 

A  brass  tube  passes  up  through  the  oil 
reservoir,  and  in  this  there  slides,  with  con- 
siderable friction,  a  wire  bent  at  the  top, 
so  that  the  wick  may  be  trimmed  without 
taking  off  the  cage. 


FIG.  104. 


If  this  lamp  be  suspended  in  a  large  jar,  closed 
at  the  top  with  a  perforated  wooden  cover  (A,  Fiji*. 
104),  and  having  an  aperture  ( 'H  )  below,  through 
which  coal  gas  may  be  admitted,  the  lamp  will 
burn,  of  course,  in  the  ordinary  way;  but  if  the 
gas  be  allowed  to  pass  slowly  into  the  jar,  the 

flame  will  be  seen  to  waver,  to  elongate  itself  very  considerably,  and  will  be  ulti- 
mately extinguished,  when  the  wire  cage  will  be  seen  to  be  filled  with  a  mixture  of 
coal-gas  and  air  burning  tranquilly  within  the  gauze,  which  prevents  the  flame  from 
passing  to  ignite  the  explosive  atmosphere  surrounding  the  lamp;  that  an  explosive 
mixture  really  fills  the  jar  may  be  readily  ascertained  by  introducing,  through  an 
aperture  (C)  in  the  cover,  the  unprotected  flame  of  a 
taper,  when  an  explosion  will  take  place. 

This  experiment  illustrates  the  action  of  the  Davy 
lamp  in  a  mine  which  contains  fire-damp,  and  makes  it 
evident  that  this  lamp  would  afford  complete  protection 
if  carefully  used.  It  would  obviously  be  unsafe  to  allow 
the  lamp  to  remain  in  the  explosive  mixture  when  the 
cage  is  filled  with' flame,  for  the  gauze  would  either 
become  sufficiently  heated  to  kindle  the  surrounding  gas, 
or  would  be  oxidized  and  eaten  into  holes,  which  would 
allow  the  passage  of  the  flame.  Nor  should  the  lamp  be 
exposed  to  a  very  strong  current,  which  might  possibly 
be  able  to  carry  the  flame  through  the  meshes. 

The  great  defect  of  the  Davy  lamp  is  that  it 
does  not  afford  more  than  a  glimmering  light, 
so  that  even  if  the  miners  were  prohibited  from 
employing  any  candles,  they  would  (and  expe- 
rience has  proved  that  they  do)  remove  the  wire  cage  at  all  risks.  The 
lamp  has  been  modified  so  as  partially  to  remove  this  defect,  by  sub- 
stituting glass  or  talc  for  some  portions  of  the  wire  gauze.  It  is  now 
usual,  however,  to  employ  the  Davy  lamp  merely  in  order  to  test  the 
state  of  the  air  in  the  different  parts  of  the  mine ;  for  this  purpose  the 
firemen  descend  before  the  commencement  of  work  every  morning,  and 
examine  with  their  safety  lamps  every  portion  of  the  mine,  giving  warn- 
ing to  the  miners  not  to  approach  those  parts  in  which  any  accumulation 
of  fire-damp  (or  technically,  "sulphur")  is  perceived.  The  miners  then 
work  with  naked  candles,  and  it  appeal's  to  be  not  unusual  to  see  a  blue 
flame  (or  corpse  light)  playing  around  the  candles,  so  that  the  miners 
may  become  accustomed  to  regard  with  little  concern  the  very  indication 
which  shows  that  the  quantity  of  lire-damp  is  only  a  little  below  that 
required  to  form  an  explosive  mixture.  Whenever  naked  flames  are 
used  in  the  mine  there  must  always  be  great  risk  ;  in  most  seams  of  coal 
there  are  considerable  accumulations  of  fire-damp;  when  a  fissure  is 
made,  the  gas  escapes  very  rapidly  from  the  bloiver,  and  the  air  in  its 
vicinity  may  soon  become  converted  into  an  explosive  mixture.  In 
mines  where  small  quantities  of  fire-damp  are  known  to  be  continually 
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FIG.  105. 


FIG.  106. 


arsenious  acids  during  the  combustion;  the  density  of  the  vapors  being 
here  attended  with  the  same  result  as  that  produced  by  the  restrained 
expansion  of  the  steam  formed  in  the  Cavendish  eudiometer. 

It  is  not  necessaiy  that  the  incandescent  matter  should  be  a  product 
of  the  combustion  ;  any  extraneous  solid  in  a  finely  divided  state  will 
confer  illuminating  power  upon  a  flame.  Thus,  the  flame  of  hydrogen 
may  be  rendered  highly  luminous  by  burning  a  piece  of  phosphorus  in 
its  vicinity,  so  that  the  clouds  of  phosphoric  acid  may 
pass  through  the  flame,  or  by  blowing  a  little  very 
fine  charcoal  powder  into  it,  from  the  bottle  repre- 
sented in  Fig.  105. 

The  luminosity  of  all  ordinary  flames  is  due  to  the 
presence  of  highly  heated  carbon  in  a  state  of  very 
minute  division,  and  it  remains  to  consider  the 
changes  by  which  this  finely  divided  carbon  is  sepa- 
rated in  the  flame. 

A  candle,  a  lamp,  and  a  gas-burner,  exhibit  con- 
trivances  for  procuring  light  artificially  in  different 
degrees  of  complexity,   the   candle  being  the   most 
complex  of  the  three.     When  a  new  caudle  is  lighted,  the  first  portion 
of  the  wick  is  burned  away  until  the  heat  reaches  that  part  which  is 
saturated  with  the  wax  or  tallow  of  which  the  candle  is  com- 
posed ;  this  wax  or  tallow  then  undergoes  destructive  distil- 
lation, yielding  a  variet}T  of  products,  among  which  olefiant 
gas  is  found  in   abundance.     The  flame  furnished  by  the 
combustion  of  these  products  melts  the  fuel  around  the  base 
of  the  wick,  through  which  it  then  mounts  by  capillary  at- 
traction, to  be  decomposed  in  its  turn,  and  to  furnish  fresh 
gases  for  the  maintenance  of  the  flame.     In  a  lamp,  the  fuel 
being  liquid  at  the  commencement,  the  process  of  fusion  is 
dispensed  with ;  and  in  a  gas-burner,  where  the  fuel  is  sup- 
plied in  a  gaseous  form,  the  process  of  destructive  distillation 
has  been  already  carried  on  at  a  distance.     It  will  be  seen, 
however,  that  the  final  result  is  similar  in  all  three  cases,  the 
flame  being  maintained  by  such  gases   as  acetylene,  marsh- 
gas,  and  olefiant  gas,  arising  from  the  destructive  distillation 
of  wax,  tallow,  oil,  coal,  &c. 

On  examining  an  ordinary  flame,  that  of  a  candle,  for  instance,  it  is 
seen  to  consist  of  three  concentric  cones  (Fig.  106),  the  innermost, 
around  the  wick,  appearing  almost  black, 
the  next  emitting  a  bright  white  light,  and  FlG- 107- 

the   outermost   being   so   pale   as   to    be 
scarcely  visible  in  broad  daylight. 

The  dark  innermost  cone  consists  merely 
of  the  gaseous  combustible  to  which  the 
air  does  not  penetrate,  and  which  is  there- 
fore not  in  a  state  of  combustion. 


The  nature  of  this  cone  is  easily  shown  by  ex- 
periment:  a  strip  of  cardboard  held  across  the 
flame  near  its  base  will  not  burn  in  the  centre 
whereat  traverses  the  innermost  cone;  apiece 
of  wire  gauze  depressed  upon  the  flume  near  the 
wick  (Fig.  107)  will  allow  the  passage  of  the  com- 
bustible gas,  which  may  be  kindled  above  it.  The  gas  may  be  conveyed  out  of  the 
flame  by  means  of  a  glass  tube  inserted  into  the  innermost  cone,  and  may  be  kindled 
at  the  other  extremity  of  the  tube,  which  should  be  inclined  downwards  (Fig.  108). 
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hydrogen,  which  will  thus  be  rendered  as  luminous  as  the  candle  flame,  the  dark 
color  of  the  carbon  being  apparent  in  its  passage  through  the  tube. 

A  bottle  furnished  with  two  straight  tubes  (Fig.  Ill)  is  connected  with  a  reser- 
voir of  hydrogen.  One  of  the  tubes  is  provided 

with  a  small  piece  of  wider  tube  containing  a  FIG.  112. 

tuft  of  cotton-wool.  On  kindling  the  gas  at  the 
orifice  of  each  tube,  no  difference  will  be  seen 
in  the  flames  until  a  drop  of  benzole  (C6H6)  is 
placed  upon  the  cotton,  when  its  vapor,  mingling 
with  the  hydrogen,  will  furnish  enough  carbon 
to  render  the  flame  brilliantly  luminous. 

Fig.  112  shows  a  more  convenient  apparatus 

for  the  same  purpose ;  the  hydrogen  being  passed  j/\ 

in  through  c,  burns  from  the  tube  a,  with  a  non- 
ruminous  flume,  and  from  the  tube  b,  after  pass- 
ing over  a  piece  of  cotton,  moistened  with  ben- 
zole, with  a  luminous  flame. 

The  pale  outermost  cone  or  mantle,  of 
the  flame,  in  which  the  separated  carbon 
is  finally  consumed,  may  be  termed  the 
cone  of  perfect  combustion,  and  is  much 
thinner  than  the  luminous  cone,  the  sup- 
ply of  air  to  this  external  shell  of  flame 
being  unlimited,  and  the  combustion 
therefore  speedily  effected. 

The  mantle  of  the  flame  may  be  rendered  more  visible  by  burning  a  little  sodium 
near  the  flame,  when  the  mantle  is  tinged  strongly  yellow. 

By  means  of  a  siphon  about  one-third  of  an  inch  in  diameter  (Fig.  113),  the  nature 
of  the  different  portions  of  an  ordinary  candle  flame  may  be  very  elegantly  shown. 
If  the  orifice  of  the  siphon  be  brought  just  over  the  extremity  of  the  wick,  the  com- 
bustible gases  and  vapors  will  pass  through  it,  and 

may  be  collected  in  a  small  flask,  where  they  can  be  FlG-  113. 

kindled  by  a  taper.  On  raising  the  orifice  into  the 
luminous  portion  of  the  flame,  voluminous  clouds  of 
black  smoke  will  pour  over  into  the  flask,  and  if  the 
siphon  be  now  raised  a  little  above  the  point  of  the 
flame,  carbonic  acid  can  be  collected  in  the  flask,  and 
may  be  recognized  by  shaking  with  lime-water. 

The  reciprocal  nature  of  the  relation  between  the 
combustible  gas  and  the  air  which  supports  its  com- 
bustion may  be  illustrated  in  a  striking  manner  by 
burning  a  jet  of  air  in  an  atmosphere  of  coal-gas. 

A  quart  glass  globe  with  three  necks  is  connected 
at  A  (Fig.  114)  with  the  gas-pipe  by  a  vulcanized  tube.  The  second  neck  (B),  at  the 
upper  part  of  the  globe,  is  connected  by  a  short  piece  of  vulcanized  tube  with  a  piece 
of  glass  tube  about  £  inch  wide,  from  which  the  gas  may  be  burnt.  Into  the  third 
and  lowermost  neck"  is  inserted,  by  means  of  a  cork,  a  thin  brass  tube,  C  (an  old 
cork-borer),  about  £  inch  in  diameter.  When  the  gas  is  turned  on,  it  may  be  lighted 
at  the  upper  neck;  and  if  a  lighted  match  be  then  quickly  thrust  up  thc^tube  C,  the 
air  which  enters  it  will  take  fire  and  burn  inside  the  globe. 

A  very  inexpensive  apparatus  for  this  purpose  may  be  constructed  from  a  common 
Florence  oil-flask.  By  applying  a  blowpipe  flame  at  A  (Fig.  115),  so  as  to  heat  to 
whiteness  a  spot  as  large  as  a  threepenny-piece,  and  quickly  blowing  into  the  neck 
of  the  flask,  the  heated  portion  of  the  glass  may  be  made  to  bulge  out.  A  similar 
protuberance  is  then  to  be  formed  at  B.  A  sharp-pointed  flame  is  directed  upon  A, 
and  the  glass  burst  by  blowing  into  the  flask  whilst  it  is  still  exposed  to  the  flame. 
By  fusing  the  edges  of  the  hole  thus  produced,  and  turning  them  outwards  with  the 
end  of  a  file,  a  short  neck  may  be  formed  capable  of  receiving  a  cork  When  this 
is  cool,  it  is  closed  with  a  cork,  and  a  second  similar  neck  is  produced  at  B. 

From  this  review  of  the  structure  of  flame,  it  is  evident  that,  in  order 
to  secure  a  flame  which  shall  be  useful  for  illumination,  attention  must 
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Gauze  Burner. 


The  gm<ze  burner   (Fig.   118)  consists  of  an  open  cylinder  surmounted  by  wire 
gauze.     When  this  is  placed  over  the  gas-burner,  a  supply  of  air  is  drawn  in  at  the 
bottom  by  the  ascending  stream  of  gas,  and  the  mixture  burns 
above  the  gauze  with  a  very  hot  smokeless  flame,  the  metallic  FIG.  its. 

nic.-hcs  preventing  the  flame  from  passing  down  to  the  gas 
below. 

The  luminosity  of  a  flame  is  materially  affected  by 
the  pressure  of  the  atmosphere  in  which  it  burns,  a 
diminution  of  pressure  causing  a  loss  of  illuminating 
power.  If  the  light  of  a  given  flame  burning  in  the 
air  when  the  barometer  stands  at  30  inches  be  repre- 
sented by  100,  each  diminution  of  one  inch  in  the 
height  of  the  barometer  will  reduce  the  luminosity 
by  live  ;  and  conversely,  when  the  barometer  rises 
one  inch,  the  luminosity  will  be  increased  by  five.  This  is  not  due  to 
any  difference  in  the  rate  of  burning,  which  remains  pretty  constant. 
but  to  the  more  complete  interpenetration  of  the  rarefied  air  and  the 
gases  composing  the  flame,  giving  rise  to  the  separation  of  a  smaller 
quantity  of  incandescent  carbon.  In  air  at  a  pressure  of  120  inches  of 
mercuiy,  the  flame  of  alcohol  is  highly  luminous,  the  high  density  of 
the  air  discouraging  the  intermixture  of  the  flame-gases  with  it,  and 
thus  allowing  the  separation  of  a  portion  of  carbon. 

In  considering  the  influence  exerted  by  the  composition  of  the  fuel 
upon  the  character  of  its  flame,  it  will  be  necessaiy  to  bear  in  mind  that 
some  kinds  of  fuel  consist  of  carbon  and  hydrogen  only,  whilst  others 
contain  a  considerable  proportion  of  oxygen. 

The  following  table  exhibits  the  composition  of  some  of  the  principal 
substances  concerned  in  producing  ordinary  illuminating  flames : 


Fuel. 

Formula. 

Carbon. 

Hydrogen. 

Oxygen. 

Marsh-gas,   . 

CH 

30 

10 

Olefiant  gas,      .... 
Paraffine,      
Turpentine,  
Benzole 

qX 

cAA, 

C\0H 

60 
30 
75 
120 

10 
10 
10 
10 

Wax,  . 

]C   H   CL 

60 

10 

Q    K 

Stearine,  . 

C    HO 

62  1 

10 

Q  7 

Oloine, 

C    HO 

65  8 

10 

0   0 

Alcohol,  
Wood  naphtha,     .     .     . 

Vy5711104v/6 

C2H60 
CH40 

40 
30 

10 
10 

.27 
40 

It  may  be  stated  generally  that  when  the  number  of  atoms  of  carbon 
is  less  than  half  that  of  hydrogen,  the  flame  will  be  free  from  smoke,  as 
in  the  case  of  marsh-gas.  When  there  are  half  as  many  atoms  of  carbon 
as  of  hydrogen,  as  in  olefiant  gas,  the  flame  is  very"liable  to  smoke, 
unless  managed  with  great  judgment.  Those  hydrocarbons  which  con- 
tain, like  turpentine  and  benzole,  a  larger  proportion  of  carbon  than  this, 
always  burn  with  much  smoke,  and  require  special  contrivance  to  render 
them  applicable  for  illuminating  purposes.  Thus,camphene  (turpentine) 
must  be  burnt  in  lamps  with  tall  narrow  chimneys  of  peculiar  construc- 
tion to  afford  a  strong  current  of  air.  Benzole  (coal-naphtha)  vapor 
must  be  mixed  with  air  if  it  is  required  to  burn  with  a  smokeless  flame. 


1  This  is  the  composition  of  myricine,  which  forms  the  greater  part  of  beeswax. 
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proportion  to  its  carbon,  I..-  niriche.l  with  r:irl...n  by- 
passing over  bcn/ole   (li«_rht   coal  napht  ha ).  it  b 
with  a  tar  more  luminous  Ha;: 

When  tin-   fuel  contains  oxygen,  th-  may 
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would   have  been  muMnm-d).  but  simply  from  the  month,  by  the 
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to  destroy  its  luminosity,  the   free  supply  of  air  eU'ectin^  the 

•iistion  of  the  carbon.      Tin-  si/.e  of  tin-  Maine,  III.M. 

is   much    diminished,   and    the   combustion  utrated    int<»  a 

smaller  space,  tin-  temperature  must  be 
much  higher  at  any  -iven  point  of  the 
tlame.  In  blowpipe  liana- 

is  similar   t<»   the   ordinary  tlam.  . 

_;     of    three     distin  .     the 
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nor  oxygen  is  in  excess,  appears  to  be  a  very  little  in  advance  of  the 
extremity  of  the  second  (reducing)  cone.  The  difference  in  the  opera- 
tion of  the  two  flames  is  readily  shown  by  placing  a  little  red  lead  (oxide 
of  lead)  in  a  shallow  cavity  scooped  upon  the  surface  of  a  piece  of  char- 
coal (Fig.  121),  and  directing  the  flames  upon  it  in  succession;  the  inner 
flame  will  reduce  a  globule  of  metallic  lead,  which  may  be  reconverted 

FIG.  121. 


Reduction  of  metals  on  charcoal. 


Fir;.  122. 


into  oxide  by  exposing  it  to  the  outer  flame.1  The  immense  service 
rendered  by  this  instrument  to  the  chemist  and  mineralogist  is  well 
known. 

B}r  forcing  a  stream  of  oxygen  through  a  flame  from  a  gas-holder 
or  bag,  an  intensely  hot  blowpipe  flame  is  obtained,  in  which  pipe-clay 
and  platinum  may  be  melted,  and  iron  burns  with  great  brilliancy  (see 
Fig.  56). 

Fletcher's  hot-blast  blowpipe  (Fig.  122)  produces  a  much  higher  temperature  than 
the  ordinary  blowpipe.  Coal-gas  is  supplied  through  the  tube  #,  and  is  kindled  at 
the  Bunsen  burners  b  k,  and  at  the  orifice  /,  the 
supply  to  the  former  being  regulated  by  the  stop- 
cock c  and  to  the  latter  by  the  stopcock  d.  The 
flames  of  the  Bunsen  burners  heat  the  spiral  cop- 
per tube  e  to  redness,  so  that  the  air  blown  in 
through  the  flexible  tube  a  is  strongly  heated  be- 
fore being  projected  into  the  flame  through  a 
blowpipe  jet  at  /.  Thin  platinum  wires  melt 
easily  in  this  flame,  and  thin  iron  wires  burn 
away  rapidly. 

71.  Determination  of  the  Composition  of 
Gases  containing  Carbon  and  Hydrogen. — 
In  order  to  ascertain  the  proportions  of  car- 
bon and  hydrogen  present  in  a  gas,  a  meas- 
ured volume  of  the  gas  is  mixed  with  an  excess  of  oxygen,  the  volume 
of  the  mixture  carefully  noted,  and  explosion  determined  by  passing  the 
electric  spark ;  the  gas  remaining  after  the  explosion  is  measured  and 
shaken  with  potash,  which  absorbs  the  carbonic  acid,  from  the  volume 
of  which  the  proportion  of  carbon  may  be  calculated.  For  example, 

0.4  cubic  inch  of  marsh-gas,  mixed  with 
1.0  oxygen,  and  exploded,  left 

0.6          "  gas ;  shaken  with  potash 


it  left 


0.2 


oxygen. 


1  By  directing  the  reducing  flame  upon  the  metallic  oxide  in  the  cavity,  and  allowing  the  oxidizing 
flame  to  sweep  over  the  surface  of  the  charcoal,  as  shown  in  the  figure,  a  yellow  incrustation  of  oxidt* 
of  lead  is  formed  upon  the  sujface  of  the  charcoal,  which  affords  additional  evidence  of  the  nature  of 
the  metal. 


"F     MSTII.I.ATI" 


A  I.. 
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:  2  volume-  .         .      =16 

2  volumes  of  marsh-gas  contain  4  volume*  H,  weighing .         .  4 

2  volumes  of  marsh-gat  contain  x  volume  C,  weighing  . 
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ktfl   ill"  i-X| 
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solution  of  potash,  and  closed  by  the  kaui 
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absorption  of  carbonic  H< 

' 

:eeults  are  more  exact  wh«  i  is  filled  with  mercury  in-tead  of 

water. 
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The  nitrogen  of  the  coal  reappears  in  the  forms  of 
r.  ( Nitrogen. 

Gases     I  Ammonia,       . 

f  Aniline, .         .  o    ( 

Liquids  -J  Quinoline,       .         .     C9H.N  J 

(  Hydrocyanic  acid,  . 


NH3     ) 

C6H7N  I  Alkaline. 


^qn-n 
CHN 


The  oxygen  contributes  to  the  production  of 


n          f  Carbonic  oxide,         CO 
Gases  \Carbonic  acid,  C02 


f  Water,  H2O 

Liquids  1  Acetic  acid,      C2H4O2 
(  Carbolic  acid,  C6H60 


Sulphur  is  found  among  the  products  as, 

Sulphuretted  hydrogen  gas,    H2S 


}  BisulPhideof  carbon,  CS.2 

The  illuminating  gas  obtained  from  coal  consists  essentially  of  free 
hydrogen,  marsh-gas,  olefiant  gas,  and  carbonic  oxide,  with  small 
quantities  of  acetylene,  benzole  vapor,  and  some  other  substances. 

A  fair  general  idea  of  its  composition  is  given  by  the  following  table  : 


Hydrogen,     . 
Marsh-gas,    . 
Carbonic  oxide, 
Olefiant  gas,  . 
Carbonic  acid, 
Nitrogen, 
Oxygen, 


Gas  from  Cannel  Coal. 


45.847  volumes. 
40.948 

4.167 

5.504 

1.950 

1.445 

0.139 


100.000 


The  only  constituents  which  contribute  directly  to  the  illuminating 
value  of  the  gas  are  the  marsh-gas,  olefiant  gas,  and  similar  hydrocarbons 
(acetylene,  and  benzole  vapor). 

The  most  objectionable  constituent  is  the  sulphur  present  as  sulphur- 
etted hydrogen  and  bisulphide  of  carbon,  for  this  is  converted  by  com- 
bustion into  sulphuric  acid,  which  seriously  injures  pictures,  furniture, 
&c.  The  object  of  the  manufacturer  of  coal-gas  is  to  remove,  as  far  as 
possible,  everything  from  it,  except  the  constituents  mentioned  as  es- 
sential, and  at  the  same  time  to  obtain  as  large  a  volume  of  gas  from  a 
given  weight  of  coal  as  is  consistent  with  a  good  illuminating  value. 

The  mode  of  purifying  the  gas,  and  the  general  arrangements  for  its 
manufacture,  will  be  described  in  a  later  part  of  the  work. 

FIG.  124. 


Destructive  distillation  of 


The  destructive  distillation  of  coal  may  be  exhibited  with  the  arrangement  repre- 
sented in  Fig.  124.     The  solid  and  liquid"  products  (tar,  ammoniacal  liquor,  &c.)  are 
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SILICON, 

of  its  chemical    relations    to   other   bodies    this   element 
will  !»<•  found  to  bear  a  great  resem Mam -e  to  carbon  ;  Imt  whilst  , 
irkaMo  for  the  great  variety  of  compound  forms  in  wlm-h  it 
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them  useful  for  striking  sparks  with  steel,  by  detaching  small  particles 
of  the  metal,  which  are  so  heated  by  the  percussion  as  to  continue  to 
burn  (see  p.  60)  in  the  air,  and  to  inflame  tinder  or  gunpowder  upon 
which  they  are  allowed  to  fall. 

The  part  taken  by  silica  in  natural  operations  appears  to  be  chiefly  a 
mechanical  one,  for  which  its  stability  under  ordinary  influences  pecu- 
liarly fits  it,  for  it  is  found  to  constitute  the  great  bulk  of  the  soil  which 
serves  as  a  support  and  food-reservoir  of  land-plants,  and  enters  largely 
into  the  composition  of  the  greater  number  of  rocks. 

But  that  this  substance  is  not  altogether  excluded  from  any  share  in 
life  is  shown  by  its  presence  in  the  shining  outer  sheath  of  the  stems  of 
the  grasses  and  cereals,  particularly  in  the  hard  external  coating  of  the 
Dutch  rush  used  for  polishing;  and  this  alone  would  lead  to  the  inference 
that  silica  could  not  be  absolutely  insoluble,  since  the  capillary  vessels 
of  plants  are  known  to  be  capable  of  absorbing  only  such  substances  as 
are  in  a  state  of  solution.  Many  natural  waters  also  present  us  with 
silica  in  a  dissolved  state,  and  often  in  considerable  quantity,  as,  for 
example,  in  the  Geysers  of  Iceland,  which  deposit  a  coating  of  silica 
upon  the  earth  around  their  borders. 

Pure  water,  however,  has  no  solvent  action  upon  the  natural  varieties 
of  silica.  The  action  of  an  alkali  is  required  to  bring  it  into  a  soluble 
form. 

To  effect  this  upon  the  small  scale,  a  few  crystals  of  common  washing- 
soda  (carbonate  of  soda)  may  be  powdered  and  dried;  a  little  of  the 
dried  powder  is  placed  upon  a  piece  of  platinum-foil  slightly  bent  up 
(Fig.  127),  and  is  fused  by  directing  the  flame  of  a  blowpipe  upon  the 

FIG.  127. 


Fusion  on  platinum-foil. 

under  side  of  the  foil.  As  soon  as  the  carbonate  ot  soda  is  perfectly 
liquefied,  a  small  quantity  of  very  finely  powdered  white  sand  is  thrown 
into  it,  when  brisk  effervescence  will  be  observed,  and  the  particles  of 
sand  will  dissolve  ;  fresh  portions  of  sand  may  now  be  added  as  long  as 
they  produce  effervescence,  which  is  due  to  the  escape  of  the  carbonic 
acid,  and  since,  in  general,  one  acid  can  only  be  displaced  by  another, 
it  is  but  reasonable  to  infer  that  the  sand  really  possesses  acid  proper- 
ties, and  hence  the  fitness  of  its  chemical  name,  silicic  acid. 

The  piece  of  platinum-foil  with  the  melted  mass  upon  it  may  now  be 
placed  in  a  little  warm  water,  and  allowed  to  soak  for  some  time,  when 
it  will  gradually  dissolve,  forming  a  solution  of  silicate  of  soda.  This 
solution  will  be  found  decidedly  alkaline  to  test-papers  ;  for  silicic  acid, 
like  carbonic,  is  too  feeble  an  acid  to  neutralize  entirely  the  alkaline 
properties  of  the  soda. 
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may  be  heated  to  bright  redness  without  change,  but  if  it  be  powdered 
previously  to  being  heated,  its  specific  gravity  is  diminished  from  2.6  to 
2.4,  and  it  becomes  soluble  in  boiling  alkalies,  having  been  converted 
into  the  amorphous  modification. 

Crystals  of  quartz  have  been  obtained  artificially  by  the  prolonged 
action  of  water  upon  glass  at  a  high  temperature  under  pressure.  When 
fused  with  the  oxyhydrogen  blowpipe,  silica  does  not  crystallize,  being 
thus  converted  into  the  amorphous  variety  of  sp.  gr.  2.3. 

To  prepare  the  amorphous  modification  of  silica  artificially,  white  sand  in  very 
fine  powder  may  be  fused,  in  a  platinum  crucible,  with  six  times  its  weight  of  a  mix- 
ture of  equal  weights  of  carbonate  of  potash  and  carbonate  of  soda,  the  mixture  being 
more  easily  fusible  than  either  of  the  carbonates  separately.  The  crucible  may  be 
heated  over  a  gas-burner  supplied  with  a  mixture  of  gas  and  air,  or  may  be  placed 
in  a  little  calcined  magnesia  contained  in  a  fire-clay  crucible,  which  maybe  covered 
up  and  introduced  into  a  good  fire.  The  platinum  crucible  is  never  heated  in  direct 
contact  with  fuel,  since  the  metal  would  become  brittle  by 
combining  with  carbon,  silicon,  and  sulphur  derived  from 
the  fuel.  The  magnesia  is  used  to  protect  the  platinum 
from  contact  with  the  clay  crucible.  When  the  action  of 
the  silicic  acid  upon  the  alkaline  carbonates  is  completed, 
which  will  be  indicated  by  the  cessation  of  the  efferves- 
cence, the  platinum  crucible  is  allowed  to  cool,  placed  in  an 
evaporating  dish,  and  soaked  for  a  night  in  water,  when 
the  mass  should  be  entirely  dissolved.  Hydrochloric  acid 
is  then  added  to  the  solution,  with  occasional  stirring,  until 
it  is  distinctly  acid  to  litmus-paper.  On  evaporating  the 
solution,  it  will,  at  a  certain  point,  solidify  to  a  gelatinous 
mass  of  hydrated  silicic  acid,  which  would  be  spurted  out 
of  the  dish  if  evaporation  over  the  flame  were  continued. 
To  prevent  this,  the  dish  is  placed  over  an  empty  iron 
saucepan  (Fig.  129),  so  that  the  heat  from  the  flame  may  be 

equally  distributed  over  the  bottom  of  the  dish.  When  the  mass  is  quite  dry,  the 
dish  is  allowed  to  cool,  and  some  water  is  poured  into  it,  which  dissolves  the  chlo- 
rides of  potassium  and  sodium  (formed  by  the  action  of  the  hydrochloric  acid  upon 
the  silicates  of  potash  and  soda),  acd  leaves 

the  silicic  acid  in  white  flakes.     These  may  FIG.  130. 

be  collected  upon  a  filter  (Fig.  130),  and 
washed  several  times  with  distilled  water. 
The  filter  is  then  carefully  spread  out  upon 
a  hot  iron  plate,  or  upon  a  hot  brick,  and 
allowed  to  dry,  when  the  silicic  acid  is  left 
as  a  dazzling  white  powder,  which  must  be 
strongly  heated  in  a  porcelain  or  platinum 
crucible  to  expel  the  last  traces  of  water. 
It  is  remarkable  for  its  extreme  lightness, 
especially  when  heated,  the  slightest  cur- 
rent of  air  easily  blowing  it  away. 

80.  For  effecting  such  fusions  as  that  just 
described,  an  air-gas  blowpipe  (A,  Fig. 
131)  supplied  with  air  from  a  double  action 
bellows  (B),  worked  by  a  treadle  (C),  will 
be  found  most  convenient.  Where  gas  is 
not  at  hand,  the  fusion  may  be  effected  in 
a  small  furnace  (Fig.  182),  surmounted 
with  a  conical  chimney,  and  fed  with  char- 
coal. 


Washing  a  precipitate. 


81.  Silicates. — The  acid  properties 
of  silicic  acid  are  so  feeble  that  it  is 
a  matter  of  great  difficulty  to  deter- 
mine the  proportion  of  any  base  which  is  required  to  unite  with  it  in 
order  to  form  a  chemically  neutral  salt.     Like  carbonic  acid,  it  does  not 
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more  easily,  by  converting  the  silicic  acid  into  silico-fluoride  of  potassium 
(2KF.SiF4).  and  decomposing  this  at  a  high  temperature  with  potassium 
or  sodium,  which  combines  with  the  fluorine  to  form  a  salt  capable  of 
being  dissolved  out  by  water,  leaving  the  silicon  in  the  form  of  a  brown 
powder  (amorphous  silicon),  which  resists  the  action  of  all  acids,  except 
hydrofluoric,  which  it  decomposes,  forming  fluoride  of  silicon  and  evolv- 
ing hydrogen  (Si  +  4HF  =  SiF4  +  H4).  It  is  also  dissolved  by  solu- 
tion of  hydrate  of  potash,  with  evolution  of 
hydrogen,  and  formation  of  silicate  of  potash.  FIG.  132. 

It  burns  brilliantly  when  heated  in  oxygen,  but 
not  completely,  for  it  becomes  coated  with  silica, 
which  is  fused  by  the  intense  heat  of  the  com- 
bustion. When  heated  with  the  blowpipe  on 
platinum-foil,  it  eats  a  hole  through  the  metal, 
with  which  it  forms  the  fusible  silicide  of 
platinum. 

If  silico-fluoride  of  potassium  be  fused  with 
aluminum,  a  portion  of  the  latter  combines 
the  fluorine,  and  the  remainder  combines  with 
the  silicon,  forming  a  silicide  of  aluminum.  By 
boiling  this  with  hydrochloric  and  hydrofluoric 
acids  in  succession,  the  aluminum  is  extracted, 
and  ciystalline  scales  of  silicon,  with  a  metallic 
lustre  resembling  black  lead  are  left  (grapliitoid  charcoal  furnace. 

silicon).    In  this  form  the  silicon  has  a  specific 

gravity  of  about  2.5,  and  refuses  to  burn  in  oxygen,  or  to  dissolve  in 
hydrofluoric  acid.  A  mixture  of  nitric  and  hydrofluoric  acids,  however, 
is  capable  of  dissolving  it.  Like  graphite,  this  variety  of  silicon  con- 
ducts electricity,  though  amorphous  silicon  is  a  non-conductor.  The 
amorphous  silicon  becomes  converted  into  this  incombustible  and  insolu- 
ble form  under  the  action  of  intense  heat.  It  is  worthy  of  remark  that 
the  combustibility  of  amorphous  carbon  (charcoal)  is  also  very  much 
diminished  by  exposure  to  a  high  temperature. 

Unlike  carbon,  however,  silicon  is  capable  of  being  fused  at  a  tempera- 
ture somewhat  above  the  melting-point  of  cast  iron ;  on  cooling,  it  forms 
a  brilliant  metallic-looking  mass,  which  may  be  obtained,  by  certain 
processes,  crystallized  in  octahedra  so  hard  as  to  scratch  ^lass  like  a 
diamond. 

In  their  chemical  relations  to  other  substances  there  is  much  resem- 
blance between  silicon  and  carbon.  They  both  form  feeble  acids  with 
oxygen,  which  correspond  in  composition.  Silicon,  however,  is  capable 
of  displacing  carbon  from  carbonic  acid,  for  if  carbonate  of  potash  be 
fused  with  silicon,  the  latter  is  dissolved,  forming  silicate  of  potash,  and 
carbon  is  separated.  Silicon  also  resembles  carbon  in  its  disposition  to 
unite  witli  certain  metals  to  form  compounds  which  still  retain  their 
metallic  appearance.  Thus  silicon  is  found  together  with  carbon  in  cast 
iron,  and  it  unites  directly  with  aluminum,  zinc,  and  platinum,  to  form 
compounds  resembling  metallic  alloys.  Nitrogen  enters  into  direct  union 
with  silicon  at  a  high  temperature,  though  it  refuses  to  unite  with  car- 
bon, except  in  the  presence  of  alkalies.  In  their  relation  to  hydrogen, 
these  two  elements  are  widely  different,  for  silicon  is  only  known  to  form 
one  compound  with  hydrogen,  and  that  of  a  very  unstable  character. 

The  hydride  of  silicon  has  been  found  to  have  a  composition  corre- 
sponding with  the  formula  SiH4.  It  derives  its  interest  chiefly  from  the 
property  of  taking  fire  spontaneously  in  contact  with  the  air,  in  which 
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28,  though  here,  as  in  the  case  of  carbon,  theoretical  considerations  are 
relied  upon,  since  the  specific  gravity  of  vapor  of  silicon  cannot  be  ascer- 
tained by  experiment,  and  no  assistance  is  afforded  by  the  specific  heat. 


BORON. 

83.  Closely  allied  to  silicon  is  another  element,  boron,  which  has  at 
present  never  been  found  in  animal  or  vegetable  bodies,  but  appears  to 
be  entirely  confined  to  the  mineral  kingdom. 

Boracic  Acid  (B.2O3  =  69.8  parts  by  weight). — A  saline  substance 
called  borax  (Na.,0.2B203,  lOAq.),  has  long  been  used  in  medicine,  in 
working  metals,  and  in  making  imitations  of  precious  stones ;  this  sub- 
stance was  originally  imported  from  India  and  Thibet,  where  it  was 
obtained  in  crystals  from  the  waters  of  certain  lakes,  and  came  into  this 
country  under  the  native  designation  of  tincal,  consisting  of  impure 
borax,  surrounded  with  a  peculiar  soapy  substance,  which  the  refiner  of 
borax  makes  it  his  business  to  remove. 

In  1702,  in  the  course  of  one  of  those  tentative  experiments  to  which, 
though  empirical  in  their  nature,  scientific  chemistry  is  now  so  deeply 
indebted,  Homberg  happened  to  distil  a  mixture  of  borax  and  green 
vitriol  (sulphate  of  iron),  when  he  obtained  a  new  substance  in  pearl}'' 
plates,  which  was  found  useful  in  medicine,  and  received  the  name  of 
sedative  salt.  A  quarter  of  a  century  later,  Lemery  found  that  this  sub- 
stance might  be  separated  from  borax  by  employing  sulphuric  acid 
instead  of  sulphate  of  iron ;  but  another  quarter  of  a  century  elapsed 
before  it  was  shown  that  in  borax  these  pearly  crystalline  scales  were 
combined  with  soda,  and  were  possessed  of  acid  properties  which  entitle 
them  to  receive  the  name  boracic  acid. 

Much  more  recently  this  acid  has  been  obtained  in  a  free  state  from 
natural  sources,  and  is  now  largely  imported  into  this  country  from  the 
volcanic  districts  in  the  north  of  Italy,  where  it  issues  from  the  earth  in 

FIG.  134. 


Boracic  lagune  and  evaporating  pans. 

the  form  of  vapor,  accompanied  by  violent  jets  of  steam,  which  are 
known  in  the  neighborhood  as  soffioni.  It  would  appear  easy  enough, 
by  adopting  arrangements  for  the  condensation  of  this  steam,  to  obtain 
the  boracic  acid  which  accompanies  it,  but  it  is  found  necessary  to  cause 
the  steam  to  deposit  its  boracic  acid  by  passing  it  through  water,  for 
which  purpose  basins  of  brickwork  (lagunes,  Fig.  134)  are  built  up 
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the\  reqaire  S6  parta  of  cold  wat(  i  to  them.    'l'hes«-  , 

represented  by  the  tormuhi  :;ll  (».I5  (>  .      If  they  are  sharply  heate.l  in  a 
retort,  they  partly  «li>til  over  unchan^ecl.  toirctlu-r  with  tin-  water  •!• 
from  the  .iecomp..sitiou  of  another  part  ;   but  if  they  be  heate.l  to  -j  1  •_' 
F.  only.  the\   etlloresee   ami    i  .nveite.l    into    ||  (>.|;n.      When 

further    heate.l.  the  whole  of  t  j    with 

it  a  little  I  LI.  ami  the  arid  fuses  to  a  glass,  which  remains  per- 

fectly transparent  on  cool'iiu  This  anh\<lrous 

1  i>  slowly  volatili/.ed  b\   the  continued  action  of  a  \ei\   hinh 
tem|.erature.      It  dUtolvei  very  slowly  in   water. 

A  characteristic  property  of  bon  is  that  of  imparting  a  green 

eol.,r  to  flames.     Its  presence  may  tliu-  led  in  the  -team  i-suini: 

from    a    boiling   solution   of  1  i-id    in    water,    for    it    a   spirit-lamp 

Of  a    piece  of  burniii-   j.aper  be    held    in  the  .steam,  the    llai,. 
uMVi-n  tii  illy  at  the  edges. 


bl  i-  ni..r.«   .li-tinetly  won    whon  th"  rr\  -tulli/.-d    I- 
platinum-foil  in  n 

'M>|.  niul  tii.-  solution   I.  urnt  <>ti  1  h<>  precence 

of  bora-  Mirn-.!  by  n  \   \s  iili 

•trong  .  »l<-.ili«.l  t-. 

make  t  iliur  pn«p.Tty  •»»"  K  •• 

•i.  !  :    tiiriii'Ti.  i  in  ~«.luti.  • 

and  drif/I  nt  H  g< 

green  or  hh  i  ,  «p|«lv  ttu 

lion  i*  Bed  with  li\.i 

;.<T. 

i.  like  silicic,  must   be  classed  amon-4  the  f 

I1    colors    litmus    \  inlet    ..nl\.    like   carbonic  i    doei    not 

hiiih  tempera- 

rei  the  metallic  ..\id--s  to  foim  t 
mauycaseSf  very  brilli.r 

this   |  l.-pelid   the  chief    ll-cs  ,,f    !,..;  i    in    the   a 

I'nlike  the  -ilirales.  the  boiates  an-  c.,inp  in  the  mineial 

world.      V.  rerj    familiar  mineral  i.      A 
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double  borate  of  soda  and  lime,  called  boro-natrocalrite  (Na2O.2B/)3, 
2(Ca0.2B.,03),18H.20),  is  imported  from  Peru  for  the  manufacture  of 
borax;  and  the  mineral  known  as  boracite  is  a  borate  of  magnesia. 

In  determining  the  proportion  of  base  which  boracic  acid  requires  to 
form  with  it  a  chemically  neutral  salt,  the  same  difficulties  are  met  with 
as  in  the  case  of  silicic  acid  (p.  145);  but  since  it  is  found  that  69.8 
parts  of  boracic  acid  (the  weight  represented  by  B203)  displace  54  parts 
of  water  (three  molecules)  from  hydrate  of  soda  and  from  hydrate  of 
baryta,  both  employed  in  excess,  it  would  appear  that  the  boracic  acid 
requires  three  molecules  of  an  alkali  fully  to  satisfy  its  acid  character. 

84.  Boron. — B  =  10.9  parts  by  weight. — It  was  in  the  year  1808  that 
Gay-Lussac  and  Thenard  succeeded,  by  fusing  anhydrous  boracic  acid 
with  potassium,  in  extracting  from  it  the  element  boron  as  an  olive-green 
powder  (amorphous  boron),  which  has  a  general  resemblance  to  silicon, 
but  unlike  that  element,  may  be  oxidized  by  nitric  acid.    It  also  requires 
a  higher  temperature  to  fuse  it  than  is  required  by  silicon.    The  brilliant 
copper-colored  scales  obtained  by  a  process  similar  to  that  which  fur- 
nishes the  graphitoid  silicon,  and  formerly  regarded  as  graphitoid  boron, 
consist  really  of  a  componnd  of  boron  with  aluminum  (A1B,). 

The  most  remarkable  form  of  boron  is  the  crystallized  variety  or  dia- 
mond of  boron,  which  is  obtained  by  very  strongly  heating  amorphous 
boron  with  aluminum,  and  afterwards  extracting  the  aluminum  from  the 
mass  with  hydrochloric  acid.  These  crystals  are  brilliant  transparent 
octahedra,  which  are  sometimes  nearly  colorless,  and  resemble  the  dia- 
mond in  their  power  of  refracting  light,  and  in  their  hardness,  which  is 
so  great  that  they  will  scratch  rubies,  and  will  even  wear  away  the  sur- 
face of  the  diamond.1  This  form  of  boron  cannot  be  attacked  by  any 
acid,  but  is  dissolved  by  fused  hydrates  of  the  alkalies.  The  flame  of 
the  oxyhydrogen  blowpipe  does  not  fuse  it,  and  it  only  undergoes  super- 
ficial conversion  into  boracic  acid  when  heated  to  whiteness  in  oxygen. 
When  heated  to  redness  in  chlorine,  however,  it  burns,  forming  chloride 
of  boron.  Boron  closeby  resembles  silicon  in  its  chemical  relations  to 
the  other  elements.  It  is  not  known,  however,  to  form  a  compound  with 
hydrogen,  and  has  a  greater  disposition  to  combine  with  nitrogen  than 
is  manifested  by  silicon.  It  absorbs  nitrogen  readily  when  heated  to 
redness,  forming  a  white  infusible  insoluble  powder,  the  nitride  of  boron 
(BN). 

85.  The  elements  carbon,  boron,  and  silicon  form  a  natural  group, 
possessing  many  properties  in  common.     They  are  all  capable  of  exist- 
ing in  the  amorphous,  the  graphitoid,  and  the  crystalline  forms  ;  all 
incapable  of  being  converted  into  vapor;  all  exhibit  a  want  of  disposi- 
tion to  dissolve;  all  form  feeble  acids  with  oxygen  by  direct  union  ;  and 
all  unite  with  several  of  the  metals  to  form  compounds  which  resemble 
each  other.    Boron  and  silicon  are  capable  of  direct  union  with  nitrogen, 
and  so  is  carbon  if  an  alkali  be  present.     Recent  researches  attribute  to 
silicon  the  power  of  occupying  the  place  of  carbon  in  some  organic 
compounds,  and  the  formulae  of  leucone  and  silicone  (SisH405  and  Si6 
H6O4)  strongly  remind  us  of  the  organic  compounds  of  carbon  with 
hydrogen  and  oxygen.  *In  many  of  its  physical  and  chemical  characters, 
silicon  is  closely  allied  with  the  metals,  and  it  will  be  found  that  tin  and 
titanium  bear  a  particular  resemblance  to  it  in  their  chemical  relations. 

1  The  author  has  known  them  to  cut  through  the  bottom  of  the  beaker-glass  used  in  separating 
them  from  the  aluminum. 
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KITROGBN. 

N  —  14  part*  by  weight  =  1  vol.     14  grm*.  =  4»:  .:,d  30"  Bar 

14  grim.  =  11.2  litre*  at  0°  C.  and  760  mm    IUr. 

86.  Thi-  .  which  tins  already  been  relVm-d  to  as  f«.nniii'_:  four- 

Of  tin-  volume  of  |  !  me  in  t  i, 

of  potash  i  K  \<  >     .  i  -altpetiv  «.r    nit  : 

soda  <  It  also  occurs  as  ammonia  (  Ml     in  the  aim.. 

in  the  ur:is«-"iis  emanations  frmii  \oleamT>.     It  i-  contained  in  ' 

animal,  and    in    n.  --table    -nb-tamvs,   and,  tin: 

has  n  n. "-t  important  share  in  UM  ch.'iui.-a!  \ 

i>  '.'fiiei-ally  obtained  by  lniriiiii_ur  |-li">|'li"i n^  in  a  |.«,ition  of 
. .liiu-.l    OT6I  \\  n  tlit- 

water  in  a  small  |M»rc»-lain  di-h,  kimllt-«l, 
135.  ami  r..\.-r«-«l  \\ith  a  lu-ll-j:ir.     Tin-nit' 

n-niain-  in'ixr.l  with  i-l"ii.K  «.f  |.!iovj,h,,ric 
I1  <  >  j,   wliirh   ma\    IM-   PMBOTed    l>y 
allowing  the  gas  to  staml  nvn-  \\ : 

Wlu-n   nitniMTfii   is   rci|tiirc<l    in   larger 
quantity, it  is  more  c«>n\»-ni«-ntl\  |>n  j 
l'\    passing  air   from   a  gas-holt l-i    ..\.-r 
metallic  mpprr  lu-atfl  •  ,na  tnhf. 

uras,  how- 

ever,aresover\  nnintf  nder 

it  so  useless  for  most  cln-mi.  al 
that  it  will  In-  unni-cc»ar\  !•>  _uive  1'urtht-r 
it^    prrparatit.n.      Tin- 
remarkable  chemi*  al    ina<!t\r 

Prrparation  of  nitrogen.  llitrogCIl  has  lu-i-n  all  mini  t  <>  in  I  In-  altirlf 

•  •n    atiii('-|.lifrif    air.      It    ha>    lit-m    -t-t-n. 

howe\  i-apal-le  <>f  rmiiliiniii<r   dirci-tly  with    IHU-..H   ami   >ilir«»n. 

an<l  inagnesitim  ami  titanium  unite  with   it  «-vi-n  im-iv  readily  at  a   hi-jh 
:  j.ieiiMiis  amoiiL;   the  elements   for   f..nniiiL. 

werful  alkali  lainni'-nia.  \  1 1    ).  ami  \\ith  <»\yurfn  a  | 
ful  aei  .   \  <  >  ».  whiUt  the  :.-h  Imld  it 

(•inati«»n  with  -ined   tt»  it^  t-haraeter  «•!'  a  i 

nent  gas,  render  many  of  its  eompoumN   \ 
AB   is  the  case  with    the  so-called  ehloride   and    iodide  <>!'  nit; 
I  t'ulmimr  Lnd   mereiiry.  i 

I    of  nitrogen  was   made    l.\     lint  h,-i  i--i  d    il' 

1  ,    in  the    l'ni\.  Mdinl'iiruh  )  in   ITT'J.  who  wa>  led    to  il    by 

\\a>  .still   nntit  to  Niip|iort    lite  \\  1 

.t  l.y  a  eaiistir  alkali.     H.-n.-e 
•  rinerly  bestowed  upon  this  gas. 


A.MM"M  V- 

Ml,          17  parts  l,\    «,  i^ht          .'  vols. 

87.    I  bto  small 

that   it  is   dillirult  tO  with    pftofofoo  ;    it    appear-,  h-.. 

•  ne-lmndn-dth  of  a  grain  in  i 
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of  ammonia  in  air  is  not  to  be  accounted  for  by  a  scantiness  in  the  sup- 
ply, but  rather  by  an  excess  in  the  demand;  since  ammonia  is  constantly 
sent  forth  into  the  air  by  the  putrefaction  of  animal  and  vegetable  sub- 
stances containing  nitrogen.  Plants  do  not  appear  to  be  capable  of 
absorbing  from  the  atmosphere  the  nitrogen  which  it  contains  so  abun- 
dantly in  the  uncombined  form,  but  to  derive  their  chief  supply  of  that 
element  from  the  ammonia,  brought  down  by  rain  from  the  atmosphere, 
into  which  it  is  continually  introduced  from  various  sources.  During 
the  life  of  an  animal,  it  restores  to  the  air  the  nitrogen  which  formed 
part  of  its  wasted  organs,  in  part  directly  as  ammonia  in  the  breath  and 
in  the  exhalation  from  the  skin,1  whilst  another  portion  is  separated  as 
urea  and  uric  acid  in  the  urine,  to  be  eventually  converted  into  ammonia 
when  the  excretion  undergoes  putrefaction.  Dead  animal  and  vegetable 
matter  when  putrefying,  restores  its  nitrogen  to  the  air,  chiefly  in  the 
forms  of  ammonia  and  substances  closely  allied  to  it,  but  partly  also,  it 
is  said,  in  the  free  state. 

The  liquor  ammonias,  or  solution  of  ammonia  in  water,  which  is  so 
largely  used  in  medicine  and  the  arts,  is  obtained  chiefly  from  the  am- 
moiriacal  liquor  resulting  from  the  destructive  distillation  of  coal  for 
the  manufacture  of  gas.  The  ammoniacal  liquor  of  the  gas-works  con- 
tains ammonia  in  combination  with  carbonic  and  hydrosulphuric  acid. 
As  the  first  step  towards  extracting  the  ammonia  in  a  pure  state,  the 
liquor  is  neutralized  with  hydrochloric  acid,  which  combines  with  the 
ammonia,  expelling  the  carbonic  and  hydrosulphuric  acid  gases.  Since 
the  latter  has  a  very  bad  smell  and  is  injurious  to  health,  the  neutraliza- 
tion is  generally  effected  in  covered  vats  furnished  with  pipes,  which 
convey  the  gases  into  a  furnace  where  the  hydrosulphuric  acid  is  burnt, 
forming  water  and  sulphurous  acid.  The  solution  of  hydrochlorate  of 
ammonia  is  evaporated  to  expel  part  of  the  water,  and  allowed  to  cool 
in  wooden  vessels  lined  with  lead,  where  the  hydro- 
chlorate  is  deposited  in  crystals  which  contain  a  iv..i3<>. 
good  deal  of  tarry  matter.  These  crystals  are 
moderately  heated  in  an  iron  pan  to  deprive  them 
of  tar,  and  are  finally  purified  by  sublimation,  that 
is,  by  converting  them  into  vapor,  and  allowing  this 
vapor  to  condense  again  into  the  solid  form.  For 
this  purpose  the  crystals  are  heated  in  a  cylindrical 
iron  vessel  covered  with  an  iron  dome  lined  with 
fire-clay.  The  hydrochlorate  of  ammonia  rises  in 
vapor  below  a  red  heat,  and  condenses  upon  the 
dome  in  the  form  of  the  fibrous  cake  known  in  com- 
merce as  sal  ammoniac. 

To  obtain  ammonia  from  this  salt,  an  ounce  of  it 
is  reduced  to  coarse  powder,  and  rapidly  mixed  with 
two  ounces  of  powdered  quicklime.     The  mixture 
is  gently  heated  in  a  diy  Florence  flask  (Fig.  136),     reparation  of  ammonia. 
and  the  gas  being  little  more  than  half  as  heavy  as 

air  (sp.  gr.  0.59),  may  be  collected  in  dry  bottles  by  displacement  of  air, 
the  bottles  being  allowed  to  rest  upon  a  piece  of  tin  plate  which  is  per- 
forated for  the  passage  of  the  tube.  To  ascertain  when  the  bottles  are 
filled,  a  piece  of  red  litmus-paper  may  be  held  at  some  little  distance 


1  Some  doubt  exists  as  to  the  exhalation  of  ammonia  from  the  lungs  and  skin  of  man  under  normal 
conditions. 


above  the  mouth,  when  it  will   at  om-e   ac.piirc   a   Line  color   if  the  am- 
a  escapes.  -Is. mid  i..-  elo.«-d  with  greased  stoppers. 

:ime  upon  h\dro<  i  ;'  ammonia  is  < 

l'\  the  following  equation  : 

II    IIC1)     +     CaO    =    CaCl,    +     H,0     -f     HTH 

Lime.       Chloride  ofol  Ammonia. 

Tii-   r.-;. .!•••-•  tm-thod  of  obtaining  gaseous  amm- 
conM  ;iting  the  strongest  liquor  anttm-r  •  TI  or  rtu-k  \.r<> vided 

with  a  I" 

187.  *»* 

is  evolved  from  the  solution  at  M 

low    hi  iV    bf    C'oll.-rt.-.i 

companied  by  steam. 

Ammonia      is      readily      distin- 
guished    1>\     it  -    Vel'V    eh:i 

smell.  -.erful    alkaline 

action    upon    led    litmus    and   tur- 
merie  paper-.      It    is  absorbed    l.y 
in    greater    i  n    l«y 

volume    than    any    other    i;a>.   OD€ 
volume  of  water  absorlum:  more 
than  Tit<>    volumes  of    ammo; 
the    ordinary    ten  .    and 

becoming   one  and  a  half    volumes 
of  solution  of  ammonia  ••! 

\o  ehemical  comltination  ap|»ears  to  take  pla> 

the  w.,  •iinmonia.  for  the  gas  gradually  escapes  on  txpotillg   the 

solution  to  the  air.  and  m>  d«-li  •  >uml  of  tin-  two  ha-  Itcen  n- 

Moreover,  the  .piannty  of  ammonia  retained  liy  th.  ndent 

Upon  the  temperature  and  pressure,  as  would  he  expected  if  the  ammonia 
were  mere;,  /  and  not  coml-ined  with  the  water.      The  escape  of 

the   gas   from  the  solution    is  attended  with   ^ivat  product  i- 
much  minu  latent  in  the  ..u  of  the  ammonia  ]n>m   the 

liquid  to  the  gaseous  state. 

i   is  w.-ll   »M«'\vn  by  filling  a  globular 
flask  (Fig.  188)  with  thega*.  J.!:H -inir  It  with  it*  m 

;»  large  basin.      If  this 

with    tin-    iiiiuiiiiiiiH    until   th«-   mo nth   of    th.-  tl..- 

raited 

.tn.l   (ill   tb>-  t!:i- 

with  rod(h-n.-«l   i  v  dibit  tin-  ulkiiliiu-  n-:i 

with 
th.-  |.r.—ur.-,  IIIMV  b«- 1  : 

u  itli  IIUTCI 
:     with  Mr.  • 
urn)   in\  .  : 

'.hi-  .liinin- 
lumn 

tin-  pressure  \»- 

i:5'.»  .  tin-  wat<-r  will   n^iiin  absorb 


I  i-   i:> 
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FIG.  139. 


To  exhibit  the  easy  expulsion  of  the  ammoniacal  gas  from  water  by  heat,  a 
moderately  thick  glass  tube,  about  12  inches  long  and  half 
an  inch  in  diameter,  may  be  nearly  filled  with  mercury, 
and  then  filled  up  with  strong  solution  of  ammonia;  on 
closing  it  with  the  thumb  and  inverting  it  into  a  vessel  of 
mercury  (Fig.  140)  the  solution  will,  of  course,  rise  above 
the  mercury  to  the  closed  end  of  the  tube.  By  grasping 
this  end  of  the  tube  in  the  hand,  a  considerable  quantity  of 
gas  may  be  expelled,  and  the  mercury  will  be  depressed.  If 
a  little  hot  water  be  poured  over  the  top  of  the  tube,  the  lat- 
ter will  become  filled  with  ammoniacal  gas,  which  will  be 
absorbed  again  by  the  water  when  the  tube  is  allowed  to 
cool,  the  mercury  returning  to  fill  the  tube. 

The  solution  of  ammonia,  which  is  an  article  of 
commerce,  is  prepared  by  conducting  the  gas  into 
water  contained  in  a  two-necked  bottle,  the  second 
neck  being  connected  with  a  tube  passing  into 
another  bottle  containing  water,  in  which  any  es- 
caping ammonia  may  be  condensed.  The  strength 
of  the  solution  is  inferred  from  its  specific  gravity, 
which  is  lower  in  proportion  as  the  quantity  of  am- 
monia in  the  solution  is  greater. 

Thus,  at  57°  F.,  a  solution  of  sp.  gr.  0.8844  contains  36 
parts  by  weight  of  ammonia  in  100  parts  of  solution  ;  the  sp. 
gr.  0.8976  indicates  30  per  cent.  ;  0.9106,  25  percent  ;  0.9251, 
20  per  cent.  ;  0.9414,  15  per  cent.  ;  0.9593,  10  per  cent.  ; 
0.979,  5  per  cent  The  specific  gravity  is  ascertained  by 
comparing  the  weights  of  equal  volumes  of  water  and  of  the 
solution  at  the  same  temperature.  For  this  purpose,  a  light 
stoppered  bottle  is  provided,  capable  of  containing  about  two 
fluid  ounces.  This  is  thoroughly  dried,  and  counterpoised  in 
a  balance  by  placing  in  the  opposite  pan  apieceof  lead  which 
may  be  cut  down  to  the  proper  weight.  The  bottle  is  then  filled  with  solution  of 
ammonia,  the  temperature  observed  with  a  thermometer  and  recorded,  the  stopper 
inserted  and  the  bottle  weighed.  It  is  then  well  rinsed  out,  filled  with  distilled 
water,  the  temperature  equalized 
with  thatof  the  ammonia  by  placing 
the  bottle  either  in  warm  or  cold 
water,  and  the  weight  ascertained 
as  before.  The  specific  gravity  is 
obtained  by  dividing  the  weight  of 
the  solution  of  ammonia  by  that 
of  the  water.  The  ammonia  meter 
(Fig.  141)  is  a  tonvenient  instru- 
ment for  rapidly  ascertaining  the 
specific  gravity  of  liquids  lighter 
than  water.  It  consists  of  a  hol- 
low glass  float  with  a  long  stem, 
weighted  with  a  bulb  containing 
shot  or  mercury,  so  that  when  placed 
in  distilled  water  it  may  sink  to 
1000°  of  the  scale  marked  on  the 
stem,  this  number  representing  the 
specific  gravity  of  water.  When 
placed  in  a  liquid  lighter  than 
water,  it  must,  of  course,  sink 
lower  in  order  to  displace  more 
liquid  (since  solids  sink  until  they 
have  displaced  their  own  weight  of 
liquid).  By  trying  it  in  liquids  of 
known  specific  gravities,  the  mark  upon  the  scale  to  which  it  sinks  may  be  made 
to  indicate  the  specific  gravity  of  the  liquid.  The  ammonia  meter  generally  has  a 
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scale  so  divided  tint'   it   indicate*:  at  once  th 

,ntry  th.'  *\»  vitir  gravity  of  a  liquid  in  always  supposed  to  be  tak 

The  common  name  for  solution  of  amm 
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first  into  an  empty  bottle  (A,  Fig.  144)  standing  in  cold  water,  and  afterwards 
through  a  bottle  (B)  filled  with  lumps  of  quicklime  to  absorb  all  aqueous  vapor. 
The  long  limb  of  the  tube  must  be  surrounded  with  filtering-paper,  which  is  kept 
wet  with  cold  water.  The  current  of  ammonia  should  be  continued  at  a  moderate 


FIG.  144. 


rate  until  the  tube  and  its  contents  no  longer  increase  in  weight,  which  will  occupy 
about  three  hours — about  35  grains  of  ammonia  being  absorbed.  The  longer  limb 
is  sealed  by  the  blowpipe  flame  whilst  the  gas  is  still  passing  and  then,  as  quickly 
as  possible,  the  shorter  limb,  keeping  thnt  part  of  the  tube  which  is  occupied  by  the 
ammoniated  chloride  of  silver  still  carefully  surrounded  by  wet  paper. 

When  the  shorter  limb  of  this  tube  (Fig.  145)  FJQ 

is  cooled  in  a  mixture  of  ice  and  salt  (or  of  8 
ounces  of  sulphate  of  soda  and  4  measured  ounces 
of  common  hydrochloric  acid),  whilst  the  longer 
limb  is  gently  heated  from  end  to  end  by  waving 
a  spirit  "flame  beneath  it,  the  ammonia  evolved 
by  the  heat  from  the  ammoniated  chloride  of 
silver,  which  partly  fuses,  will  condense  into  a 
beautifully  clear  liquid  in  the  cold  limb.  When 
this  is  withdrawn  from  the  freezing  mixture,  and 
the  tube  allowed  to  cool,  the  liquid  ammonia  will 
boil  and  gradually  disappear  entirely,  the  gas  Liquefaction  of  ammonia, 

being  again  absorbed  by  the  chloride  of  silver,  so  that  the  tube  is  ready  to  be  used 
again. 

Ammonia  is  feebly  combustible  in  atmospheric  air,  as  may  be  seen 
by  holding  a  taper  just  within  the  mouth  of  an  inverted  bottle  of  the 
gas,  which  burns  with  a  peculiar  livid  nickering  light  around  the  flame, 
but  will  not  continue  to  burn  when  the  flame  is  removed.  During  its 
combustion  the  hydrogen  is  converted  into  water,  and  the  nitrogen  set 
free.  In  oxygen,  however,  ammonia  burns  with  a  continuous  flame. 

This  is  very  well  shown  by  surrounding  a  tube  delivering  a  stream  of  ammonia 
(obtained  by  heating  strong  solution 
of  ammonia  in  a  retort)  with  a  much 
wider  tube  open  at  both  ends  (Fig.  146), 
through  which  oxygen  is  passed  by 
holding  a  flexible  tube  from  a  gas-bag 
or  gas-holder  underneath  it.  On  kin- 
dling the  stream  of  ammonia  it  will 
give  a  steady  flame  of  ten  or  twelve 
inches  long. 

A  similar  experiment  may  be  made 
with  a  smaller  supply  of  oxygen,  by 
lowering  the  tube  delivering  ammonia 
into  a  bottle  or  jar  of  oxygen,  and 
applying  a  light  to  it  just  as  it  enters 
the  mouth  of  the  jar  (Fig.  147). 


The  elements  of  ammonia  are 
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Berzelius  was  the  first  to  make  an  experiment  which  appeared  strongly 
to  favor  this  view  (commonly  spoken  of  as  the  ammonium  theory  of 
Berzelius).  The  negative  pole  of  a  galvanic  battery  was  placed  in  con- 
tact with  mercury  at  the  bottom  of  a  vessel  containing  a  strong  solution 
of  ammonia,  in  which  the  positive  pole  of  the  battery  was  immersed. 
Oxygen  was  disengaged  at  this  pole,  whilst  the  mercury  in  contact  with 
the  negative  pole  swelled  to  four  or  five  times  its  original  bulk,  and  be- 
came a  soft  solid  mass,  still  preserving,  however,  its  metallic  appearance. 
So  far,  the  result  of  the  experiment  resembles  that  obtained  when  hy- 
drate of  potash  is  decomposed  under  similar  circumstances,  the  oxygen 
separating  at  the  positive  pole,  and  the  potassium  at  the  negative,  where 
it  combines  with  the  mercury.  Beyond  this,  however,  the  analogy  does 
not  hold ;  for  in  the  latter  case  the  metallic  potassium  can  be  readily 
separated  from  the  mercury,  whilst  in  the  former,  all  attempts  to  isolate 
the  ammonium  have  failed,  for  the  soft  solid  mass  resolves  itself  almost 
immediately  after  its  preparation,  into  mercury,  ammonia  (NH3).  and 
hydrogen,  one  atom  of  the  latter  being  separated  for  each  molecule  of 
ammonia.  This  would  also  tend  to  support  the  conclusion,  that  a  sub- 
stance having  the  composition  NH3  +  H  or  NH4  had  united  with  the 
mercury;  and  since  the  latter  is  not  known  to  unite  with  any  non-metal- 
lic substance  without  losing  its  metallic  appearance,  it  would  be  fair  to 
conclude  that  the  soft  solid  was  really  an  amalgam  of  ammonium.  How- 
ever, the  increase  in  the  weight  of  the  mercury  is  so  slight,  and  the 
"amalgam,"  whether  obtained  by  this  or  by  other  methods,  is  so  un- 
stable, that  it  would  appear  safer  to  attribute  the  swelling  of  the  mercury 
to  a  physical  change  caused  by  the  presence  of  the  ammonia  and  hydro- 
gen gases.  It  is  difficult  to  believe  that  the  solution  of  ammonia  does 
really  contain  an  oxide  of  ammonium  (2NH3  -(-  H20  =  (NH4)20),  when 
we  find  it  evolving  ammonia  so  easily;  but  it  is  equally  difficult,  upon 
any  other  hypothesis,  to  explain  the  close  resemblance  between  the  salts 
obtained  by  neutralizing  acids  with  this  solution,  and  those  furnished  by 
potash  and  soda. 

The  ordinary  mode  of  exhibiting  the  production  of  the  so-called  anxilijirm  of  ani- 
monium  consists  in  acting  upon  the  hydrochlorate  of  ammonia  ( NHr  IIC1 ),  or  c/i,!<>/-i//r 
of  ammonium  (NH4C1),  with  the  amalgam  of  sodium.  A  little  purr  mercury  is 
heated  in  a  test-tube,  and  a  pellet  of  sodium  thrown  into  it,  when  combination 
takes  place  with  great  energy.  When  the  amalgam  is  nearly  cool  it  may  be  poured 
into  a  larger  tube  containing  a  moderately  strong  solution  of  chloride  of  ammonium  ; 
the  amalgam  at  once  swells  to  many  times  its  former  bulk,  forming  a  sott  solid  sub- 
stance lighter  than  water,  which  may  be  shaken  out  of  the  tube  as  a  cylindrical 
mass,  decomposing  rapidly  with  effervescence,  evolving  ammonia  and  hydrogen,  and 
soon  recovering  its  original  volume  and  liquid  condition. 

88.  Atomic  Weight  and  Volume  of  Nitrogen. — 17  grains  of  ammonia 
have  been  proved  to  contain  14  grains  of  nitrogen  combined  with  3 
grains  of  hydrogen.  The  latter  gas  being  taken  as  the  unit  of  atomic 
weight,  the  three  grains  would  represent  3  atomic  weights  of  hydrogen, 
and  the  question  arises,  How  many  atomic  weights  of  nitrogen  are 
represented  by  the  14  grains?  On  referring  to  the  composition  of  am- 
monia by  volume,  we  find  that  it  furnishes  three  volumes  of  hydrogen 
for  one  volume  of  nitrogen  when  decomposed  by  the  electric  spark  (p. 
158),  and  hence  it  must  contain  one  atom  of  nitrogen  (14)  and  three 
atoms  of  hydrogen  (3). 

It  will  also  be  seen  hereafter  that  the  hydrogen  in  ammonia  can  be 
replaced  by  other  bodies  in  thirds,  showing  that  there  must  be  three 
atoms  of  hydrogen  present,  whilst  the  14  parts  of  nitrogen  cannot  be 
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Dividing  each  of  these  numbers  by  the  atomic  weight  of  the  element 
to  which  it  refers,  we  have, 


2.0 

0.66 
4.67 
2.67 


12  =  0.165  atomic  proportion  of  carbon, 

1  =  0.66         "  "  hydrogen, 

14  =  0.33         "  "  nitrogen, 

16  =  0.165       u  "  oxygen, 


leading  to  the  empirical  formula,  in  its  simplest  form,  CH4N80,  for  urea. 
But  urea  is  an  organic  base,  capable  of  uniting  with  acids  to  form  salts, 
and  it  is  found  that  to  neutralize  one  molecular  weight  (36.5  parts)  of 
hydrochloric  acid,  60  parts  of  urea  are  necessary.  This  quantity  would 
contain  12  parts  (one  atom)  of  carbon,  4  parts  (four  atoms)  of  hydrogen, 
28  parts  (two  atoms)  of  nitrogen,  and  16  parts  (one  atom)  of  oxygen,  so 
that  the  above  formula  would  correctly  represent  the  molecule  of  urea. 

90.  Formation  of  Ammonia  in  the  Rusting  of  Iron. — Although  free 
nitrogen  and  hydrogen  cannot  be  made  to  form  ammonia  b}^  direct  com- 
bination, this  compound  is  produced  when  the  nitrogen  meets  with  hy- 
drogen in  the  nascent  state ;  that  is,  at  the  instant  of  its  liberation  from 
a  combined  form.     Thus,  if  a  few   iron  filings  be  shaken  with  a  little 
water  in  a  bottle  of  air,  so  that  they  may  cling  round  the  sides  of  the 
bottle,  and  a  piece  of  red  litmus-paper  be  suspended  between  the  stopper 
and  the  neck,  it  will  be  found  to  have  assumed  a  blue  color  in  the  course 
of  a  few  hours,  and  ammonia  may  be  distinctly  detected   in   the  rust 
which  is  produced.     It  appears  that  the  water  is  decomposed  by  the 
iron,  in  the  presence  of  the  carbonic  acid  of  the  air  and  water,  and  that 
the  hydrogen  liberated  enters  at  once  into  combination  with  the  nitro- 
gen, held  in  solution  by  the  water,  to  form  ammonia. 

91.  Production  of  Nitrous  and  Nitric  Acids    from  Ammonia. — If  a 
few  drops  of  a  strong  solution  of  ammonia  be  poured  into  a  pint  bottle, 
and  ozonized  air  (from  the  tube  for  ozonizing  by  induction,  Fig.  48)  be 
passed  into  the  bottle,  thick  white  clouds  will  speedily  be  formed,  con- 
sisting of  nitrite  of  ammonia,  the  nitrous  acid  having  been  produced  by 
the  oxidation  of  the  ammonia  at  the  expense  of  the  ozonized  oxygen  : 

4NPI3     +     06     =     2NH3  .  II20  .  X203     +     2H20. 

Nitrite  of  ammonia. 

If  copper  filings  be  shaken  with  solution  of  ammonia  in  a  bottle  of  air, 
white  fumes  will  also  be  produced,  together  with  a  deep  blue  solution 
containing  oxide  of  copper  and  nitrite  of  ammonia ; 
the  act  of  oxidation  of  the  copper  appearing  to  have 
induced  a  simultaneous  oxidation  of  the  ammonia. 

A  coil  of  thin  platinum  wire  made  round  a  pencil, 
if  heated  to  redness  at  the  lower  end  and  suspended 
in  a  flask  (Fig.  151)  with  a  little  strong  ammonia  at 
the  bottom,  will  continue  to  glow  for  a  great  length 
of  time,  in  consequence  of  the  combination  of  the 
ammonia  with  the  oxygen  of  the  air  taking  place  at 
its  surface,  attended  with  great  evolution  of  heat. 
Thick  white  clouds  of  nitrite  of  ammonia  are  formed, 
and  frequently  red  vapor  of  nitrous  acid  (N2O3)  itself. 

If  a  tube  delivering  oxygen  gas  be  passed  down  to  the  bottom  of  the  flask  (Fig 
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ti»  figure  is  a  Bunsen  hurm-r  (p.  186),  surmounted  by 
a  T-piece  with  several  holes.) 
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mixed  with  oxygen),  a  red  gas  is  formed  in  small  quantity,  which  is  either 
nitrous  acid  (N2O.j  or  nitric  peroxide  (N02). 

FIG.  154. 

If  the  experiment  be  made  in  a  graduated  eudiometer  (Fig.  154), 
standing  over  water  colored  with  blue  litmus,  the  latter  will  very 
soon  be  reddened  by  the  acid  formed,  and  the  air  will  be  found  to 
diminish  very  considerably  in  volume,  eventually  losing  its  power 
of  supporting  combustion,  in  consequence  of  the  removal  of  oxygen. 

When  hydrogen  gas,  mixed  with  a  small  quantity  of 
nitrogen,  is  burnt,  the  water  collected  from  it  is  found  to 
have  an  acid  taste  and  reaction,  due  to  the  presence  of  a 
little  nitric  acid,  resulting  from  the  combination  of  the 
nitrogen  with  the  oxygen  of  the  air  under  the  influence  of" 
the  intense  beat  of  the  hydrogen  flame. 

Since  all  the  compounds  of  nitrogen  and  oxygen  are  obtained,  in 
practice,  from  hydrated  nitric  acid,  the  chemical  history  of  that  sub- 
stance must  precede  that  of  the  oxides  of  nitrogen. 


NITRIC  ACID. 


FIG.  155. 


93.  This  most  important  acid  is  obtained  from  saltpetre,  which  is 
found  as  an  incrustation  upon 
the  surface  of  the  soil  in  hot 
and  dry  climates,  as  in  some 
parts  of  India  and  Pern.  The 
salt  imported  into  this  country 
from  Bengal  and  Oude  consists 
of  nitrate  of  potash  (KN  (.)„), 
whilst  the  Peruvian  or  Chilian 
saltpetre  is  nitrate  of  soda 
(NaN03).  Either  of  these  will 
serve  for  the  preparation  of 
nitric  acid. 

On      the     Small     SCale,     in     the  Preparation  of  nitric  acid. 

laboratory,  nitric  acid  is  prepared 

by  distilling  nitrate  of  potash  with  an  equal  weight  of  concentrated 

sulphuric  acid. 

In  order  to  make  the  experiment,  four  ounces  of  powdered  nitre,  thoroughly 
dried,  maybe  introduced  into  a  pint  stoppered  retort  (Fig.  165),  and  two  and  a  half 
measured  ounces  of  concentrated  sulphuric  acid  poured  upon  it.  As  soon  as  the  acid 
has  soaked  into  the  nitre,  a  gradually  increasing  heat  may  be  applied  by  means  of 
an  Argand  burner,  when  the  acid  will  distil  over.  It  must  be  preserved  in  a  stop- 
pered bottle. 

When  the  acid  has  ceased  distilling,  the  retort  should  be  allowed  to  cool,  and  filled 
with  water.  On  applying  a  moderate  heat  for  some  time,  the  saline  residue  will  be 
dissolved.  The  solution  may  then  be  poured  into  an  evaporating  dish,  and  evapo- 
rated down  to  a  small  bulk.  On  allowing  the  concentrated  solution  to  cool,  crystals 
of  bisulphate  of  potash  (KHSO4)  are  deposited,  a  salt  which  is  very  useful  in  many 
metallurgic  and  analytical  operations. 

The  decomposition  of  nitrate  of  potash  by  an  equal  weight  of  concen- 
trated sulphuric  acid  is  explained  by  the  equation — 


KN03     +     H2SO4     =    HNO3 

Nitrate  of  Hydrated  Hydrated 

potash.  sulphuric  acid.          nitric  acid. 
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(11X0,)  has  the  specific  gravity  1.52  ;]  whilst  the  ordinary  aquafortis  or 
diluted  nitric  acid  has  the  sp.  gr.  1.29,  and  contains  only  46.6  per  cent, 
of  HXO3.  The  concentrated  nitric  acid  usually  sold  by  the  operative 
chemist  ^(double  aquafortis)  has  the  sp.  gr.  1.42,  and  contains  67.6  per 
cent,  of  HXO3. 

A  very  characteristic  property  of  nitric  acid  is  that  of  staining  the 
skin  yellow.  It  produces  the  same  eifect  upon  most  animal  and  vege- 
table matters,  especially  if  they  contain  nitrogen.  The  application  of 
this  in  dyeing  silk  of  a  fast  yellow  color  ma_y  be  seen  by  dipping  a  skein 
of  white  silk  in  a  warm  mixture  of  concentrated  nitric  acid  with  an 
equal  volume  o%f  water,  and  afterwards  immersing  it  in  dilute  ammonia, 
which  will  convert  the  yellow  color  into  a  brilliant  orange.  When  sul- 
phuric or  hydrochloric  acid  is  spilt  upon  the  clothes,  a  red  stain  is  pro- 
duced, and  a  little  ammonia  restores  the  original  color;  but  nitric  acid 
stains  are  yellow,  and  ammonia  intensifies  instead  of  removing  them, 
though  it  prevents  the  cloth  from  being  eaten  into  holes. 

Nitric  acid  changes  most  organic  coloring  matters  to  yellow,  but, 
unless  very  concentrated,  it  merely  reddens  litmus.  If  solutions  of 
indigo  and  litmus  are  warmed  in  separate  flasks,  and  a  little  nitric  acid 
added  to  each,  the  indigo  will  become  yellow  and  the  litmus  red.  Here 
the  indigo  (C8H.NO)  acquires  oxygen  from  the  nitric  acid,  and  is  con- 
verted into  ixatine  (C8H5N02). 

When  hydrated  nitric  acid  is  heated,  it  begins  to  boil  at  184°  F.,  but 
it  cannot  be  distilled  unchanged,  for  a  considerable  quantity  is  decom- 
posed into  nitric  peroxide,  oxygen,  and  water,  the  two  first  passing  off 
in  the  gaseous  form,  whilst  the  water  remains  in  the  retort  with  the 
nitric  acid,  which  thus  becomes  gradually  more  and  more  diluted,  until 
it  contains  68  per  cent,  of  HXO3,  when  it  passes  over  unchanged  at  the 
temperature  of  248°  F.  The  specific  gravity  of  this  acid  is  1.42.  If  an 
acid  weaker  than  this  be  submitted  to  distillation,  water  will  pass  off 
until  acid  of  this  strength  is  obtained,  when  it  distils  over  unchanged. 

The  specific  gravity  of  the  vapor  of  nitric  acid,  at  187°  F..  has  been 
determined  as  29.6  (H=l),  which  is  sufficiently  near  to  half  of  63  to 
show  that  the  molecule  HNO,  would  occupy  exactly  two  volumes  if  it 
had  not  suffered  partial  decomposition  by  heat. 

The  facility  with  which  hydrated  nitric  acid  parts  with  a  portion  of 
its  oxygen,  renders  it  very  valuable  as  an  oxidizing  agent.  Compara- 
tively few  substances  which  are  capable  of  forming  compounds  with 
oxygen  can  escape  oxidation  when  treated  with  nitric  acid. 

A  small  piece  of  phosphorus  dropped  into  a  porcelain  dish  containing 
the  strongest  nitric  acid  (and  placed  at  some  distance  to  avoid  danger), 
soon  begins  to  act  upon  the  acid,  generally  with  such  violence  as  to 
burst  out  into  flame,  and  sometimes  to  shatter  the  dish ;  the  result  of 
this  action  is  hydrated  phosphoric  acid,  the  same  compound  which  is 
formed  in  the  anhydrous  state,  when  phosphorus  is  burnt  in  oxygen  gas. 

When  sulphur  is  heated  with  nitric  acid,  it  is  actually  oxidized  to  a 
greater  extent  than  when  burnt  in  pure  oxygen,  for  in  this  case  it  is 
converted  into  sulphurous  acid  (SO.,),  whilst  nitric  acid  imparts  to  it 
three  atoms  of  oxygen,  forming  sulphuric  acid  (SO.,). 

Charcoal,  which  is  so  unalterable  by  most  chemical  agents  at  the 
ordinary  temperature,  is  oxidized  by  nitric  acid.  If  the  strongest 
nitric  acid  be  poured  upon  finely  powdered  charcoal,  the  latter  takes 
fire  at  once. 

1  It  is  extremely  diflirult  to  obtain  the  HNO3  free  from  any  extraneous  water,  as  it  undergoes 
decomposition  not  only  when  vaporized  at  the  boiling-point,  but  even  at  ordinary  temperatures. 
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and  the  tin  will  be  converted  into  a  white  powder,  which  is  the  binoxide  of  tin 
(SnO2),  putty  powder.  The  gas  which  is  evolved  in  this  case  is  the  nitric  peroxide 
(NO2),  and  the  action  of  the" acid  is  represented  by  the  equation  which  follows: 

2(H2O  .  N205)     +    Sn  =  SnO2  +  2H2O    +    4NO2. 

If  the  white  mixture  of  binoxide  of  tin  with  nitric  acid  be  made  into  a  paste  with 
slaked  lime,  the  smell  of  ammonia  will  be  exhaled  ;  and  experiments  with  other 
metals  have  shown  it  to  be  a  general  principle,  that  when  any  metal  capable  of  de- 
composing water  is  dissolved  in  diluted  nitric  acid,  ammonia  is  always  formed,  its 
quantity  increasing  with  the  degree  of  dilution  of  the  nitric  acid;  of  course,  the 
ammonia  combines  with  the  excess  of  acid  present  to  form  nitrate  of  ammonia,  and 
the  lime  was  added  in  the  above  experiment  in  order  to  displace  the  ammonia  from 
its  combination,  and  to  exhibit  its  odor.  This  conversion  of  nitric  acid  into  am- 
monia becomes  the  more  interesting  when  it  is  remembered  that  the  ammonia  can 
be  reconverted  into  nitric  acid  (p.  162). 

By  dissolving  zinc  in  very  diluted  nitric  acid,  a  very  large  quantity  of  ammonia 
may  be  obtained.  The  change  is  easily  followed  if  we  suppose  the  nascent  hydrogen 
(or  hydrogen  with  the  tendency  to  combination  still  remaining  impressed  upon  it, 
see  p.  165),  produced  by  the  action  of  the  zinc  upon  the  water,  to  act  upon  the  nitric 
acid,  converting  its  oxygon  into  water,  and  its  nitrogen  into  ammonia,  thus — 
HNO3  -f-  H8  =  3H20  4-  NH3.  The  exalted  attractions  possessed  by  substances  in 
the  nascent  state,  that  is,  at  the  instant  of  their  passing  from  a  state  of  combination, 
are  very  remarkable,  and  will  be  found  to  receive  frequent  application.1 

Action  of  Nitric  Acid  upon  Organic  Substances. — The  oxidizing  action 
of  nitric  acid  upon  some  organic  substances  is  so  powerful  as  to  be 
attended  with  inflammation  ;  if  a  little  of  the  strongest  nitric  acid  be 
placed  in  a  porcelain  capsule,  and  a  few  drops  of  oil  of  turpentine  be 
poured  into  it  from  a  test-tube  fixed  to  the  end  of  a  long  stick,  the  tur- 
pentine takes  fire  with  a  sort  of  explosion.  By  boiling  some  of  the 
strongest  acid  in  a  test-tube  (Fig.  157),  the  mouth  of  which  is  loosely 
stopped  with  a  plug  of  raw  silk  or  of  horse-hair,  the  latter  may  be  made 
to  take  fire  and  burn  brilliantly  in  the  vapor  of  nitric  acid. 

In  many  cases  the  products  of  the  action  of  nitric  acid  exhibit  a  most 
interesting  relation  to  the  substances  from  which  they  have  been  pro- 
duced, one  or  more  atoms  of  the  hydrogen   of 
the  original  compound  having  been  removed  in  FlG- 15~- 

the  form  of  water  by  the  oxygen  of  the  nitric 
acid,  whilst  the  spaces  thus  left  vacant  have  been 
filled  up  by  the  nitric  peroxide  resulting  from 
the  deoxidation  of  the  nitric  acid,  producing 
what  is  termed  a  nilro-substitution  compound. 
A  very  simple  example  of  this  displacement  of 
H  by  NO,  is  afforded  by  the  action  of  nitric  acid 
upon  benzole.  A  little  concentrated  nitric  acid 
is  placed  in  a  flask,  and  benzole  cautiously 
dropped  into  it;  a  violent  action  ensues,  and  the 
acid  becomes  of  a  deep  red  color ;  if  the  contents 

of  the  flask  be  now  poured  into  a  large  vessel  of  water,  a  heavy  yellow 
oily  liquid  is  separated,  having  a  powerful  odor,  like  that  of  bitter 
almond  oil.  This  substance,  which  is  used  to  a  considerable  extent  in 
perfumery  under  the  name  of  essence  of  mirbane,  is  called  nitro-benzole, 
and  its  formula,  C6H5(N02),  at  once  exhibits  its  relation  to  benzole, 


1  When  a  solution  of  nitrate  of  potash  is  mixed  with  a  strong  solution  of  caustic  potash,  and  heated 
with  granulated  zinc,  ammonia  is  abundantly  disengaged,  being  produced  from  the  nitric  acid  by  the 
nascent  hydrogen  resulting  from  the  action  of  the  zinc  upon  the  caustic  potash. 

Recent  experiments  have  indicated  the  existence  of  substances  intermediate  between  the  nitric 
acid  and  the  ammonia  into  which  it  is  finally  converted.  One  of  these,  named  hydroxylamine,  NH30, 
has  been  examined.  It  is  a  well-defined  base,  forming  crystalline  salts  with  the  acids. 


C6H6     +     HN03        —    C6H/N03)     +    HaO  . 
C6H6     +     2(HNO,)    =  CBH42(NOa)    +     2HaO. 
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gaseous  state  at  high  temperatures,  conjoined  with  the  feeble  attraction 
existing  between  nitrogen  and  oxygen,  causes  its  salts  to  be  decomposed, 
without  exception,  by  heat. 

The  nature  of  the  decomposition  varies  with  the  base  contained  in 
the  nitrate.  The  nitrates  of  very  powerful  bases  (such  as  the  alkalies) 
are  first  converted  into  nitrites  by  the  action  of  heat ;  thus  K2O.N,05 
gives  K2O.N,O3and  0,;  the  nitrites  themselves  being  eventually  decom- 
posed, evolving  nitrogen  and  oxygen,  and  leaving  the  uncombined  base. 
The  nitrates  of  feebler  bases  (such  as  oxide  of  copper  and  oxide  of  lead) 
evolve  nitric  peroxide  (NO2)  and  oxygen,  the  base  being  left,  unless  it  be 
decomposable  try  heat,  as  is  the  case  with  the  oxides  of  silver  and  mer- 
cury, when  the  metal  itself  will  be  separated.  As  a  general  rule,  the 
nitrates  are  easily  soluble  in  water. 

As  in  the  case  of  the  carbonates,  the  nitrates  may  be  represented 
either  by  substitutive  formulae,  representing  them  as  derived  from  one 
or  more  molecules  of  HN03  by  the  substitution  of  metals  for  the  hydro- 
gen, or  by  additive  formulae,  as  composed  of  the  metallic  oxides  com- 
bined with  the  anhydrous  nitric  acid  N205.  General!}-  speaking,  the 
additive  formulae  are  more  convenient  for  explaining  the  decompositions 
in  which  these  salts  take  part. 

Comparatively  few  of  the  nitrates  are  in  common  use;  the  following 
table  contains  those  most  frequently  used : 


Chemical  Name. 

Common  Name. 

Additive  Formula. 

Substitutive  Formula 

Nitrate   of   pot- 
ash. 

|  Nitre,  saltpetre. 

K20  .  N20:. 

KN03 

Nitrate  of  soda 

Nitrate  of  stron- 
tia. 

f  Cubic  nitre.                ) 
\  Peruvian  saltpetre.  / 

V  Nitrate  of  strontian. 

Na,0  .  N205. 
SrO  .  N205. 

NaN03 

Sr(N3)2 

Basic  nitrate  of 
bismuth. 

f  Trisnitrate    of    bis-) 
•{      muth. 
(Flake  white.               J 

Bi20,.Na05.H,0. 

Nitrate  of  silver. 

Lunar  caustic. 

Ag20  .  N205. 

AgN03 

96.  Nitrous  oxide  or  laughing  gas  (X20  =  44  parts  by  weight  =  2 
vols.)  is  prepared  by  heating  nitrate  of  ammonia,  when  it  is  resolved 
into  water  and  nitrous  oxide.1 

MIa.HN05=  2H20  +  N,0. 

Nitrate  of  ammonia  is  obtained  by  adding  fragments  of  carbonate  of  ammonia 
to  nitric  acid2  diluted  with  an  equal  volume  of  water,  until  the  carbonate  no  longer 
effervesces  in  the  liquid,  which  is  then  evaporated  down  until  a  drop  solidities  on  a 
cold  surface,  when  the  whole  may  lie  poured  out  upon  a  clean  stone,  and  the  mass 
broken  up  and  preserved  in  a  well-stoppered  bottle,  because  it  is  liable  to  attract 
moisture  from  the  air.  To  obtain  the  nitrous  oxide,  an  ounce  of  the  salt  may  be 
gently  heated  in  a  small  retort,  when  it  melts,  boils,  and  gradually  disappears  en- 
tirely in  the  forms  of  steam  and  nitrous  oxide.  The  latter  may  be  collected,  with 
slight  loss,  over  water. 

Nitrous  oxide  is  perfectly  colorless,  but  has  a  slight  odor  and  a  sweet- 
ish taste.  Its  characteristic  intoxicating  property  is  well  known.  It 
accelerates  the  combustion  of  a  taper  like  oxygen  itself,  and  will  even 
kindle  into  flame  a  spark  at  the  end  of  a  match.  It  can  readily  be  dis- 


1  By  passing  the  mixture  of  nitrous  oxide  and  aqueous  vapor  over  hydrate  of  potash  at  a  dull  red 
heat,  nitric  acid  and  ammonia  are  reproduced. 

"  Which  must  remain  clear  when  tfstrd  with  nitrate  of  silver,  showing  it  to  be  free  from  chlorine. 


NITRIC    » 


,  \'_rcn.  IIO\M-\«T.  liv  sh;ikinur    it  "i'h  watrr.  \\ln 

•liiiiii- 

r  i-  :;':-"  maol 

i   l.y  :i  pivs- 

-old  in  :i  li-|ni>i  \o88els  for  use  as  an  M: 

drlllal    sin 

l>oweMM   |.  ...*e  of  li«ji; 

•  ;t  it  may  be  drawn  int.-  t.--t-;uU*  in  a 

uporated  in  vaeuo, 

tin-  low««ft  '»D  F. 

97.  A7/n'c  o./  >  =30  parts    !  >!•.)    i-  iiMially 

D6d  I'V  tin-  :n-ti«.n  (,rc.,j,|,»-r  nn  diliit.  acid— 

LO.N.OJ  +  Cu,  ==  3(CuO.N,OJ   -h   2NO  +  4H,O. 

800  grains  of  copper  turning*  or  clipping-  1  t  !ir«-«- 

i      iiUlK'i".    • 

158.  ."••iitrutiMl    nitric    »<-i<l    with    an 

• 
upon    th 

water  r^eeF  i.  h  absorbs 

l.y  tli.- 

taincd  in  the  ret 

Nitric  nxiilr  IN  di-tini:' 

all     ntluT     Lr:^«'s     |  ,y     t  IlL- 

Xi\*.  wlu-n 

"lorli-ss    nitric    <>\i<)«-    is 
:illo\\nl    t«>    coinc     in    < 
with  iincninhiued  oxygen.  tlu> 

•  Ilirli.  in   : 

of  gases,  may  be  n-  M-  n  iitlit.  ,,;,,•!,.  oxide.     The 

red  gas  C«M  .  •  ),  i,ut  it  •mains 

also  some  (NjOJ  nitrous  acid. 

•h  Mm? 

159.  of  nit-  Str.-nu'  n-«l 

r.   tin- 

•    tip-    IitTi,  i  ;i    will 

tit'  it*  vol- 

ide   be   add  :'   tln> 

ii   Will  b<«  :i' 

;     th'- 

Tin-  addition  of  nitri. 

!'   the 

' 

i'T     to 

'  ion  of  air;    l>ut    i. 


PROPERTIES    OF    NITRIC    OXIDE. 


171 


served  in  the  results,  in  consequence  of  the  occasional  formation  of  N203 
in  addition  to  the  NO.,. 

The  rough  analysis  of  air  bv  this  method  may  be  instructively  performed  with  two 
similar  gas  cylinders,  each  divided  into  ten  equal  volumes.  Into  one  are  introduced 
five  volumes  of  air,  and  into  the  other 

five  volumes  of  nitric  oxide.     On  decant-  FIG.  160. 

ing  the  air,  under  water,  into  the  nitric 
oxide  (Fig.  160),  the  red  nitric  peroxide 
will  be  formed,  and  absorbed  by  the 
water,  the  ten  volumes  of  gas  shrinking 
to  seven,  showing  that  three  volumes 
have  been  absorbed,  of  which  one  volume 
would  of  course  represent  the  oxygen 
contained  in  the  five  volumes  of  air. 

The  nitric  oxide  prepared  by  the  action 
of  copper  on  nitric  acid  generally  con- 
tains nitrous  oxide,  and  will  seldom  give 
correct  results  in  the  above  experiment. 
Pure  nitric  oxide  may  be  obtained  by 
heating  in  a  retort  100  grains  of  nitrate 
of  potash,  1000  grains  of  sulphate  of  iron,  and  three  measured  ounces  of  diluted  sul- 
phuric acid  (containing  one  measure  of  acid  to  three  measures  of  water),  which  will 
yield  above  two  pints  of  the  gas.1 

In  all  its  properties,  nitric  oxide  is  very  different  from  nitrous  oxide. 
It  is  much  lighter,  having  almost  exactly  the  same  specific  gravity  as 
air,  viz.,  1.04,  has  never  yet  been  liquefied,  and  is  not  dissolved  to  any 
important  extent  by  water.  When  a  lighted  taper  is  immersed  in  nitric 
oxide  it  is  extinguished,  although  this  gas  contains  twice  as  much  oxygen 
as  nitrous  oxide,  which  so  much  accelerates  the  combustion  of  a  taper; 
for  the  elements  are  held  together  by  a  stronger  attraction  in  the  nitric 
oxide,  so  that  its  oxygen  is  not  so  readily  available  for  the  support  of 
combustion.  (The  nitric  oxide  prepared  from  copper  and  nitric  acid 
sometimes  contains  so  much  nitrous  oxide  that  a  taper  burns  in  it  bril- 
liantly.) Even  phosphorus,  when  just  kindled,  is  extinguished  in  nitric 
oxide,  but  when  allowed  to  attain  to  full  combustion  in  air,  it  burns  with 
extreme  brilliancy  in  the  gas.  Indeed,  nitric  oxide  appears  to  be  the 
least  easy  of  decomposition  of  the  whole  series  of  oxides  of  nitrogen, 
which  accounts  for  it  being  the  most  common  result  of  the  decomposi- 
tion of  the  other  oxides.  Nitrous  oxide  itself,  when  passed  through  a 
red-hot  tube,  is  partly  converted  into  nitric  oxide ;  and  when  a  taper 
burns  in  a  bottle  of  nitrous  oxide,  the  upper  part  of  the  bottle  is  often 
filled  with  a  red  gas,  indicating  the  formation  of  nitric  oxide,  and  its 
oxidation  by  the  air  entering  the  bottle. 

The  difference  in  the  stability  of  the  two  gases  is  also  shown  by  their 
behavior  with  hydrogen.  A  mixture  of  nitrous  oxide  with  an  equal 
volume  of  hydrogen  explodes  when  in  contact  with  flame,  yielding  steam 
and  nitrogen,  but  a  mixture  of  equal  volumes  of  nitric  oxide  and 
hydrogen  burns  quietly  in  air,  the  hydrogen  not  decomposing  the  nitric 
oxide.  An  excess  of  hydrogen,  however,  is  capable  of  decomposing 
nitric  oxide,  ammonia  and  water  being  formed. 

If  two  volumes  of  nitric  oxide  be  mixed  with  five  volumes  of  hydrogen,  and  the 
gas  passed  through  a  tube  having  a  bulb  filled  with  platinized  asbestos  (Fig.  161  ),2 
the  mixture  issuing  from  the  orifice  of  the  tube  will  produce  the  red  vapors,  by 
contact  with  the  air,  which  will  strongly  redden  blue  litmus;  but  if  the  platinized 

1  K2O.NQ06  4-  6(FeO.S03)  +  4(HaO.SOs)  —  K3O.SO,  +  (3FeaO3.3S03)  +  2NO  +  4H9O. 
3  Asbestos  which  lias  been  wetted  with  solution  of  bichloride  of  platinum,  dried,  and  heated  to 
redness,  to  reduce  the  platinum  to  the  metallic  state. 
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small  tube  opening  into  the  bend  of  this  U-tube,  the  condensed  nitrous 
acid  drops  into  a  tube  drawn  out  to  a  narrow  neck,  so  that  it  may  be 
drawn  off,  and  sealed  by  the  blowpipe. 

H2O  .  N2O5     +     As203    =     H.,O  .  As2O5     +     N2O3. 

Arsenious  Acid.  Arsenic  acid. 

The  nitrous  acid  is  thus  obtained  as  a  blue  liquid  which  boils  below 
32°  F.,  becoming  converted  into  a  red  vapor,  and  partly  decomposed 
into  NO  and  NT62.  Water  at  about  32°  F.  dissolves  the  acid  without 
decomposing  it,  yielding  a  blue  solution,  which  is  decomposed,  as  the 
temperature  rises,  into  nitric  acid  which  remains  in  the  liquid,  and 
nitric  oxide  which  escapes  with  effervescence — 

3N203     -f     H20     =     H2O  .  N20.     +     4NO. 

A  very  dilute  solution  of  nitrous  acid  may  be  preserved  for  some  time 
without  decomposition. 

The  salts  of  nitrous  acid,  or  nitrites,  are  interesting  on  account  of 
their  production  from  the  nitrates  by  the  action  of  heat  (p.  1(59). 

If  nitrate  of  potash  be  fused  in  a  fire-clay  crucible  and  'heated  to  redness,  it  will 
evolve  bubbles  of  oxygen,  and  slowly  become  converted  into  nitrite  of  potash 
(K2O.N2O3).  The  heat  should  be  continued  until  a  portion  removed  on  the  end  of 
an  iron  rod,  and  dissolved  in  water,  gives  a  strongly  alkaline  solution.  The  fused 
mass  may  then  be  poured  upon  a  dry  stone,  and  when  cool,  broken  into  fragments 
and  preserved  in  a  stoppered  bottle.  On  heating  a  fragment  of  the  nitrite  of  potash 
witli  diluted  sulphuric  acid,  red  vapors  will  be  disengaged,  but  these  contain  little 
nitrous  acid,  the  greater  part  of  this  being  decomposed  by  the  water  into  nitric  acid 
and  nitric  oxide. 

When  nitrous  acid  acts  upon  ammonia,  both  compounds  suffer  decomposition, 
water  and  nitrogen  being  the  results — 

2NH3    -f     N203    =     N4     +     3H20. 

This  is  sometimes  taken  advantage  of  in  preparing  nitrogen  gas  by  boiling  mixed 
solutions  of  sal  ammoniac  and  nitrite  of  potash — 

2(NH3 .  HC1)     +    K20  .  N203     =    N,    +     2KC1     +    4H2O. 
Sal  ammoniac. 

In  experiments  upon  organic  compounds,  nitrous  acid  is  sometimes  employed  as 
a  convenient  agent  for  effecting  simultaneously  the  removal  of  three  atoms  of  hydro- 
gen from  a  compound,  and  the  insertion  of  one  atom  of  nitrogen. 

When  solutions  of  nitrites  are  heated  in  contact  with  air,  they  gradually  absorb 
oxygen,  becoming  converted  into  nitrates. 

99.  Nitric  Peroxide  (N02  =  46  parts  by  weight  =  2  vols.),  also 
called  hyponitric  acid  and  peroxide  of  nitrogen  or  pernitric  oxide  :  for- 
merly known  as  nitrous  acid. — By  passing  a  mixture  of  nitric  oxide  with 
half  its  volume  of  oxygen,  free  from  every  trace  of  moisture,  into  a  per- 
fectly dry  tube  cooled  in  a  mixture  of  ice  and  salt,  the  dark  red  gas  is 
condensed  into  coloi'less  prismatic  crystals,  which  melt  at  10°  F.  into 
a  nearly  colorless  liquid.  This  gradually  becomes  yellow  as  the  tem- 
perature rises,  and  at  the  ordinary  temperature  has  a  deep  orange  color. 
It  is  very  volatile,  boiling  at  71°  F.,  and  being  converted  into  a  red- 
brown  vapor,  which  was  long  mistaken  for  a  permanent  gas,  on  account 
of  the  great  difficulty  of  condensing  it  when  once  mixed  with  air  or 
oxygen.  Nitric  peroxide  is  also  obtained,  mixed  with  one-fourth  of  its 
volume  of  oxygen,  by  heating  the  nitrate  of  lead  (Fig.  1G3) — 

PbO  .  N20.     =     PbO     +     2NCX     +     O. 
The  vapor  of  nitric  peroxide  is  much  heavier  than  atmospheric  air. 
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100.  General  Review  of  the  Oxides  of  Nitrogen. — All  the  above  oxides 
of  nitrogen  are  directly  obtainable  from  nitric  acid  by  the  action  of 
metals;  but  since  the  result  of  such  action  varies  much  with  the  tem- 
perature and  state  of  concentration  of  the  acid,  it  cannot  be  depended 
upon  for  the  preparation  of  the  oxides  in  a  separate  state. 

Nitric  peroxide  is  the  chief  product  of  the  action  of  tin  upon  nitric 
acid — 

2(rI2O.N205)     +     Sn     =     2FI2O     +     4NO2     +     SnO2. 

Nitrous  acid  is  abundantly  formed  when  silver  is  acted  on  by  nitric 
acid — 

3(H2O.N205)     +,    Ag4    =     3H20     +     N203    +     2(Ag2O  .  N2O5). 

Nitric  oxide  has  been  shown  to  be  evolved  when  nitric  acid  is  deoxi- 
dized by  copper — 

4(H2O.N205)     +     Cu3     =    4H20     +     2NO     +     3(CuO  .  N2O5); 

though,  if  the  acid  be  concentrated  or  the  temperature  high;  nitrous 
oxide  and  nitrogen  are  mixed  with  the  nitric  oxide. 

Nitrous  oxide  is  given  off  when  zinc  is  dissolved  in  nitric  acid  diluted 
with  ten  measures  of  water — 

5(H2O.N205)     +     Zn4     =     5H2O     +     N2O     +     4(ZnO.N2O5); 

the  nitrous  oxide,  however,  is  mixed  with  nitric  oxide. 

Nitric  oxide,  nitrous  acid,  and  nitric  peroxide,  are  very  remarkable 
for  their  relations  to  oxygen.  .  Nitric  oxide  is  one  of  the  very  lew  sub- 
stances which  combine  with  dry  oxygen  at  the  ordinary  temperature, 
and  yet  the  nitric  peroxide  which  is  thus  produced  is  very  ready  to 
yield  its  oxygen  to  other  substances.  Nitrous  acid,  as  might  be  ex- 
pected, is  intermediate  in  this  respect,  being  capable  of  acting  as  a  re- 
ducing agent  upon  powerfully  oxidizing  substances,  and  as  an  oxidizing 
agent  upon  substances  having  a  great  attraction  for  oxygen.  Thus,  a 
solution  of  nitrite  of  potash,  acidified  with  sulphuric  acid,  will  bleach 
permanganate  of  potash,  reducing  the  permanganic  acid  (Mn.,O7)  to  man- 
ganous  oxide  (MnO);  whilst,  if  added  to  sulphate  of  iron,  the  nitrite 
converts  the  ferrous  oxide  (FeO)  into  ferric  oxide  (Fe2O3),  and  this  so- 
lution, which  wras  capable  of  reducing  the  permanganate  of  potash  be- 
fore, is  now  found  to  be  without  effect  upon  it,  unless  an  excess  of  the 
nitrite  has  been  added. 

The  Oxides  of  Nitrogen,  as  illustrating  Combination  in  Multiple  Pro- 
portions by  Weight  and  Volume. — In  its  most  general  form,  the  law  of 
multiple  proportions  may  be  thus  stated.  When  a  substance  (A)  com- 
bines with  another  substance  (B)  in  more  than  one  proportion,  the  quan- 
tities of  B  which  combine  with  a  constant  quantity  of  A  are  multiples  of 
the  smallest  combining  quantity  of  B  by  some  whole  number. 

In  the  oxides  of  nitrogen  this  law  is  exemplified  in  the  simplest  form, 
since  the  quantities  of  oxygen  which  combine  with  a  constant  quantity 
of  nitrogen,  are  multiples  of  the  least  combining  quantity  of  oxygen  by 
2,  3,  4,  and  5. 
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found  in  sufficient  proportion  in  vegetable  food,  or  in  the  solid  parts  of 
animal  food,  a  quantity  of  salt  must  be  added  to  these  in  order  to  form 
a  wholesome  diet.  Chloride  of  sodium  is  indispensable  as  a  raw  mate- 
rial for  several  of  the  most  useful  arts,  such  as  the  manufactures  of  soap 
and  glass,  bleaching,  &c.,  in  fact,  it  is  the  source  of  three  of  the  most 
generally  useful  chemical  products,  viz.,  chlorine,  hydrochloric  acid,  and 
soda. 

About  the  middle  of  the  seventeenth  century,  a  German  chemist, 
named  Glauber,  distilled  some  common  salt  with  sulphuric  acid,  and 
obtained  a  stronglj'  acid  liquid  to  which  he  gave  the  name  muriatic  odd 
(from  muria,  brine)  and  which  was  proved  to  be  identical  with  the  acid 
long  known  to  the  alchemists  as  spirit  of  salt.  The  saline  mass  which 
was  left  after  the  experiment  was  then  termed  Glauber's  salt,  but  after- 
wards received  its  present  name  of  sulphate  of  soda. 

It  was  undoubtedly  a  natural  inference  from  this  experiment  that 
common  salt  was  composed  of  muriatic  acid  and  soda,  and  that  the  sul- 
phuric acid  had  a  greater  attraction  for  the  soda  than  the  muriatic  acid, 
which  was  therefore  displaced  by  it.  In  accordance  with  this  view, 
common  salt  wras  called  muriate  of  soda,  without  further  question,  until 
the  year  1810,  when  the  experiments  of  Davy  proved  that  it  was  really 
composed  of  the  two  elementary  substances,  chlorine  and  sodium,  and 
must  therefore  be  st}rled,  as  it  now  is,  chloride  of  sodium,  and  repre- 
sented by  the  formula  NaCl.  It  was  further  shown  by  Davy,  that  the 
muriatic  acid  was  really  composed  of  chlorine  and  hydrogen,  and  that 
it  was,  in  fact,  chloride  of  sodium  (NaCl)  in  which  the  sodium  had  been 
displaced  by  hydrogen  (HC1). 

Preparation  of  Chlorine. — In  order  to  extract  chlorine  from  common 
salt,  it  is  heated  with  black  oxide  of  manganese  and  diluted  sulphuric 
acid  ;  the  acid  decomposes  the  binoxide  of  manganese,  part  of  the  oxygen 
of  which  displaces  the  chlorine  from  the  chloride  of  sodium,  yielding 
soda  which  combines  with  the  sulphuric  acid,  so  that  the  sulphates  of 
soda  and  manganese  are  left  in  solution,  and  chlorine  escapes  in  the 
form  of  gas : 

2NaCl  -|-  Mn02  +  2(H20  .  S03)  =  Na20  .  S03  +  MnO .  S03  +  2H20  +  Cl,. 

600  grains  of  common  salt  may  be  mixed  with  450  grains  of  binoxide  of  man- 
ganese, introduced  into  a  retort  (Fig.  164),  and  a  cold  mixture  of  1A  oz  by  measure 

FIG.  164. 
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of  strong  sulphuric  acid   with  4  oz   of  water  poured  upon  it.     The  retort  having 
been  well  shaken  to  wet  the  powder  thoroughly  with  the  acid,  a  very  gentle  heat  is 
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mersed  in  water  at  100°  F.,  the  chlorine  separates  from  the  water,  and  two  layers 
of  liquid  are  formed,  the  lower  one  consisting  of  amber-yellow  liquid  chlorine  (sp. 
gr.  1.33),  and  the  upper,  about  three  times  its  volume,  of  a  pale  yellow  aqueous 
solution  of  chlorine.  On  allowing  the  tube  to  cool  again,  the  crystalline  hydrate 
is  reproduced,  even  at  common  temperatures,  being  more  permanent  under  pressure. 
It  may  even  be  sublimed  in  a  sealed  tube. 

Liquid  chlorine  may  also  be  obtained  in  a  state  in  which  it  can  be  preserved,  by 
disengaging  the  chlorine  in  a  sealed  tube  (as  in  the  liquefaction  of  ammonia)  from 
about  200  grains  of  bichloride  of  platinum  previously  dried  at  400°  F.  The  bichlo- 
ride is  heated  with  a  spirit-lamp  in  one  limb  of  the  tube,  whilst  the  other  is  im- 
mersed in  a  freezing  mixture.  The  face  and  hands  of  the  operator  should  be  pro- 
tected against  the  bursting  of  the  tube. 

The  most  characteristic  chemical  feature  of  chlorine  is  its  powerful 
attraction  for  many  other  elements  at  the  ordinar}^  temperature.  Among 
the  non-metals,  hydrogen,  bromine,  iodine,  sulphur,  selenium,  phospho- 
rus, and  arsenic,  combine  spontaneously  with  chlorine,  and  nearly  all 
the  metals  behave  in  the  same  way. 

If  a  piece  of  dry  phosphorus  be  placed  in  a  deflagrating  spoon,  and  immersed  in  a 
bottle  of  chlorine  (Fig.  16(5),  it  will  take  fire  spontaneouslv,  combining  with  the 
chlorine  to  form  terchloride  of  phosphorus  (PC13). 
A  tall  glass  shade  may  be  placed  over  the  bottle, 
which  should  stand  in  a  plate  containing  water,  so 
the  fumes  may  not  escape  into  the  air. 

If  phosphorus  be  placed  in  a  bottle  of  oxygen  to 
which  a  small  quantity  of  chlorine  has  been  added, 
it  will  burst  out  after  a  minute  or  two  into  most 
brilliant  combustion. 

Powdered  antimony  (the  metal,  not  the  sul- 
phide), sprinkled  into  a  bottle  of  chlorine  (Fig.  167), 
descends  in  a  brilliant  shower  of  white  sparks,  the 
antimony  burning  in  the  chlorine  to  form  terchlo- 
ride of  antimony  (SbCl3).  A  little  water  should  be 
placed  at  the  bottom  of  the  bottle  to  prevent  it  from 
being  cracked,  and  the  fumes  should  be  restrained 
by  a  shade  standing  in  water. 

If  a  flask,  provided  with  a  stopcock  (Fig.  168),  be  filled  with  leaves  of  Dutch 
metal  (an  alloy  of  copper  and  zinc,  resembling  gold  leaf),  exhausted  of  air,  and 
screwed  on  to  a  capped  jar  of  chlorine  standing  over  water,  it  will  be  found,  on 
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FIG.  168. 


opening  the  stopcocks  so  that  the  chlorine  may  enter  the  flask,  that  the  metal  burns 
with  a  red  light,  forming  thick  yellow  funu-.s  containing  chloride  of  copper  (Cu(Jl2) 
and  chloride  of  zinc  (ZnCl2).  If  gold  leaf  be  suspended  in  chlorine,  it  will  not  be 


immediately  attacked,  but  will  gradually  become  converted  into  terchloride 
(AuCl3). 
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FIG.  171. 


on  raising  the  box  it  will  be  found  filled  with  strong  fumes  of  hydrochloric  acid, 
and  a  heap  of  small  fragments  of  glass  will  represent  the  flask. 

A  flask  filled  in  thf  same  way  with  the  mixture  of  hydrogen  and  chlorine  may  be 
attached  to  the  end  of  a  long  stick,  and  thrust  out  into  the  sunlight,  when  it  ex- 
plodes with  great  violence. 

To  illustrate  the  direct  combination  of  hydrogen  and  chlorine  under  the  influence 
of  artificial  light,  it  is  better  to  employ  the  mixture  of  exactly  equal  volumes  of  the 
two  gases  obtained  by  decomposing  hydrochloric  acid  by  the  galvanic  current.  The 
voltameter  (A,  Fig.  171)  is  tilled  with  concentrated  hydrochloric  acid,  and  its  con- 
ducting wires  (B)  connected  with  the  terminals  of  a  Grove's  battery  of  five  or  six 
cells.  Chlorine  is  at  once  evolved  at  the  positive  pole  (or  that  connected  with  the 
platinum  in  the  battery),  and  hydrogen  at  the  negative  pole  (attached  to  the  zinc 
of  the  battery).  It  is  "advisable  to  place  the  voltameter  in  a  vessel  of  cold  waU-r, 
to  prevent  the  hydrochloric  acid  from  becoming  too  hot.  The  gas  evolved  during 
the  first  five  minutes  should  be  al- 
lowed to  pass  into  a  waste-jar,  be- 
cause, until  the  liquid  becomes  satu- 
rated with  chlorine,  the  evolved  gas 
does  not  contain  exactly  equal  vol- 
umes of  the  constituent  elements. 
A  very  thin  glass  bulb  (C),  about  2 
inches  in  diameter,  blown  upon  a 
stout  piece  of  tube,  the  ends  of  which 
have  been  drawn  out  to  narrow  open 
points  (Fig.  172),  is  then  connected 
with  the  voltameter  by  means  of  a 
caoutchouc  tube.  A  similar  caout- 
chouc tube  is  attached  to  the  free 
end  of  the  bulb.  When  the  color 
of  the  gas  in  the  bulb  (which  should 

be  shaded  from  sunlight)  shows  that  it  is  completely  filled,  the  caoutchouc  tubes  are 
well  closed  by  nipper-taps  (Fig.  173),  and  the  bulb  detached  from  the  voltameter. 
In  this  condition  it  may  be  kept  in  the  dark  for  a  long  time  without  alteration  or 
escape  of  gas.  The  mixture  may  be  most  effectively  exploded  by  exposing  it  to  the 
flash  of  light  evolved  by  firing  a  mixture  of  nitric  oxide  gas  with  vapor  of  bisul- 
phide of  carbon.1  For  this  purpose,  a  cylinder  may  be  filled  with  nitric  oxide 
(page  170)  over  water,  closed  with  a  glass  plate,  and  placed  mouth  upwards  upon 
the  table;  the  glass  plate  being  lifted  for  an  instant,  a  few  drops  of  bisulphide  of 
carbon  are  poured  into  the  cylinder,  which  is  then  shaken.  The  bulb  containing 

FIG.  174. 


the  explosive  mixture  is  suspended  at  some  distance  from  the  operator,  and  the  gas 
cylinder  is  placed  within  a  few  inches  of  it  (Fig.  174).  On  applying  a  light  to  the 
cylinder,  the  flash  will  cause  the  immediate  explosion  of  the  mixture  in  the  bulb, 
with  production  of  strong  fumes  of  hydrochloric  acid. 


1  A  mixture  of  equal  volumes  of  chlorine  and  hydrogen  may  be  exploded  in  a  strong  cylinder  by 
the  light  of  a  piece  of  magnesium  tape.  The  cylinder  should  be  only  partly  tilled  with  the  mixture, 
and  firmly  held  with  its  mouth  only  just  beneath  the  water  in  the  trough. 
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Many  of  the  compounds  of  hydrogen  with  carbon  are  also  decomposed 
with  violence  by  chlorine.  When  a  piece  of  folded  filter-paper  is  dipped 
into  oil  of  turpentine  (C,0H1?),  and  afterwards  into  a  bottle  of  chlorine, 
it  bursts  into  a  red  flame,  liberating  voluminous  clouds  of  carbon  and 
hydrochloric  acid.  Acetylene  (C2H2)  was  found  to  explode  spontane- 
ously with  chlorine  when  exposed  to  light  (page  124).  The  striking 
decomposition  of  olefiant  gas  (C8H4)  by  chlorine  on  the  approach  of  a 
flame  has  already  been  noticed  (page  131).  When  a  lighted  taper  is 
immersed  in  chlorine,  it  continues  to  burn,  but  with  a  small  red  flame, 
the  hydrogen  only  of  the  wax  combining  with  the  chlorine,  whilst  the 
carbon  separates  in  black  smoke,  mixed  with  the  hydrochloric  fumes. 
When  chlorine  is  brought  in  contact  with  the  flame  of  a  spirit-lamp,  it 
renders  the  flame  luminous  by  causing  the  separation  of  solid  particles 
of  carbon  (page  133).  It  has  been  seen,  in  the  case  of  olefiant  gas,  that 
chlorine  sometimes  combines  directly  with  the  hydrocarbons. 

When  marsh-gas  (CH4)  is  diluted  with  an  equal  bulk  of  carbonic  acid, 
to  prevent  violent  action,  and  four  volumes  of  chlorine  added  for  each 
volume  of  marsh-gas,  an  oily  liquid  is  gradually  formed  under  the  influ- 
ence of  daylight.  This  oily  liquid  is  a  mixture  of  chloroform  and 
bichloride  of  carbon,  the  production  of  which  is  explained  by  the  follow- 
ing equations: 

CH4     +     C16     =     3HC1     +     CHC13  (Chloroform}. 

CH4     +     C18     =     4HC1     +     CC14      (  Tetrachloride  of  carbon). 

It  is  evident  from  these  equations  that  chlorine  is  capable,  not  only  of 
removing  hydrogen  from  a  compound,  but  also  of  taking  its  place,  atom 
for  atom  —  a  mode  of  action  which  gives  rise  to  a  very  large  number  of 
chlorinated  products  from  organic  substances. 

The  attraction  of  chlorine  for  hydrogen  enables  the  moist  gas  to  act 
as  an  oxidizing  agent.  Thus,  if  marsh-gas  and  chlorine  be  mixed  in 
the  presence  of  water,  and  exposed  to  daylight,  the  water  is  decomposed, 
its  hydrogen  combining  with  the  chlorine,  and  its  oxygen  with  the  carbon 
of  the  marsh-gas;  CH4  +  2H20  +  C18  =  CO2  +  SHC1. 

103.  The  powerful  bleaching  effect  of  chlorine  upon  organic  coloring 
matters  is  now  easily  understood.  If  a  solution  of  chlorine  in  water  be 
poured  into  solution  of  indigo  (aulphindigotic  aci<l}  the  blue  color  of  the 
indigo  is  discharged,  and  gives  place  to  a  comparatively  light  yellow 
color.  The  presence  of  water  is  essential  to  the  bleaching  of  indigo  by 
chlorine,  the  dry  gas  not  affecting  the  color  of  dry  indigo.  The  indigo 
is  first  oxidized  at  the  expense  of  the  water  and  converted  into  isutin<\ 
which  is  then  acted  upon  by  the  chlorine  and  converted  into  chlorimtine, 
having  a  brownish-yellow  color  — 


C8H5NO  (Jndiff°)   +    H20    +    C12  =  =   C8H5NO2  <•&««»«>  -f  2HC1 
C8H.N02  ('**««)  +    C12  =   C8H4C1NO2   +    HC1. 


Nearly  all  vegetable  and  animal  coloring  matters  contain  carbon,  hydro- 
gen, nitrogen,  and  oxygen,  and  are  converted  by  moist  chlorine  into 
products  of  oxidation  or  chlorination  which  happen  to  be  colorless,  or 
nearty  so. 

That  dry  chlorine  will  not  bleach  may  be  shown  by  shaking  some  oil  of  vitriol  in 
a  bottle  of  the  gas,  and  allowing  it  to  stand  for  an  hour  or  two,  so  that  the  acid  may 
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of  the  fibre,  and  the  stuff  is  therefore  next  immersed  in  very  dilute  sul- 
phuric acid,  when-  the  coloring  matter  is  so  far  altered  as  to  become 
soluble  in  the  alkaline  solution  in  which  it  is  next  immersed,  and  a 
repetition  of  these  processes,  followed  up  by  a  thorough  rinsing,  gen- 
erally perfects  the  bleaching. 

The  property  possessed  by  acids  of  liberating  chlorine  from  the  chlo- 
ride of  lime  is  applied  in  calico-printing  to  the  production  of  white 
patterns  upon  a  red  ground.  The  stuff  having  been  dyed  with  Turkey 
red,  the  pattern  is  imprinted  upon  it  with  a  discharge  consisting  of  an 
acid  (tartaric,  phosphoric,  or  arsenic)  thickened  with  gum.  On  passing 
the  fabric  through  a  bath  of  weak  chloride  of  lime,  the  color  is  dis- 
charged only  at  those  parts  to  which  the  acid  has  been  applied,  and 
where,  consequently,  chlorine  is  liberated. 

The  explanation  above  given  of  the  bleaching  effect  of  chlorine  may 
probably  be  applied  also  to  its  so-called  disinfecting  properties.  The 
atmosphere,  in  particular  localities,  is  occasionally  contaminated  with 
poisonous  substances,  some  of  which  are  known  only  by  their  injurious 
effects  upon  the  health,  their  quantity  being  so  small  that  they  do  not 
appear  in  the  results  of  the  analysis  of  such  air.  Since,  however,  these 
substances  appear  to  be  acted  upon  by  the  same  agents  which  are 
usually  found  to  decompose  organic  compounds,  they  are  commonly 
believed  to  be  bodies  of  this  class,  and  chlorine  has  been  very  commonly 
employed  to  combat  these  insidious  enemies  to  health,  since  Guy  ton  de 
Morveau,  in  the  latter  part  of  the  last  century,  made  use  of  it  to  destroy 
the  odor  arising  from  the  bodies  interred  in  the  vaults  beneath  the 
cathedral  of  Dijon. 

Among  the  offensive  and  unhealthy  products  of  putrefaction  of  animal 
and  vegetable  matter,  sulphuretted  hydrogen,  ammonia,  and  bodies 
similarly  constituted,  are  found.  That  chlorine  breaks  up  these  hydrogen 
compounds  is  well  known,  and  hence  its  great  value  for  removing  the 
unwholesome  properties  of  the  air  in  badly-drained  houses,  &c. 

Chloride  of  lime  is  one  of  the  most  convenient  forms  in  which  to  apply 
chlorine  for  the  purposes  of  fumigating  and  disinfecting.  If  a  cloth 
saturated  with  the  solution  be  suspended  in  the  air,  the  carbonic  acid  in 
the  latter  causes  a  slow  evolution  of  hypochlorous  acid,  which  is  even  a 
more  powerful  disinfectant  than  chlorine  itself.  In  extreme  cases,  where 
a  rapid  evolution  of  chlorine  is  required,  the  bleaching  powder  is  placed 
in  a  plate,  and  diluted  sulphuric  acid  is  poured  over  it,  or  the  powder 
may  be  mixed  with  half  its  weight  of  powdered  alum  in  a  plate,  when  a 
pretty  rapid  and  regular  escape  of  chlorine  will  ensue. 

105.  The  discovery  of  chlorine  and  the  discussions  which  ensued  with 
respect  to  its  real  nature,  contributed  very  largely  to  the  advancement 
of  chemical  science.  About  the  year  1770,  the  Swedish  chemist  Scheele 
(who  afterwards  discovered  oxygen),  first  obtained  chlorine  by  heating 
manganese  ore  with  muriatic  acid. 

The  construction  which  Scheele  put  upon  the  result  of  this  experiment 
was  one.  which  was  consistent  with  the  chemistry  of  that  date.  He  sup- 
posed the  muriatic  acid  to  have  been  deprived  of  phlogiston,  and  hence 
chlorine  was  termed  by  him  dephlogisticated  muriatic  acid.  This  phlo- 
giston had  long  been  a  subject  of  contention  among  philosophers,  having 
been  originally  assumed  to  exist  in  combination  with  all  combustible 
bodies,  and  to  be  separated  from  them  during  their  combustion.  To- 
wards the  decline  of  the  phlogistic  theor}r,  attempts  were  made  to  prove 
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heavier  than  air  (sp.  gr.  1  241),  it  will  not  escape  in  any  quantity  from 
the  bottle  until  the  latter  is  full.     The  odor  of 
the  gas  is  very  suffocating,  but  not  nearly  so  FIG.  ITS. 

irritating  as  that  of  chlorine. 

The  powerful  attraction  for  water  is  one  of 
the  most  important  properties  of  hydrochloric 
acid  gas. 

If  a  jar  of  hydrochloric  acid  gas  be  closed  with  a 
glass  plate  and  inverted  under  water,  it  will  be  found, 
on  removing  the  plate,  that  the  gas  is  absorbed  with 
great  rapidity,  the  water  being  forced  up  into  the 
bottle  by  the  pressure  of  the  external  air  in  propor- 
tion as  the  gas  is  absorbed. 

A  Florence  flask  is  more  convenient  than  a  gas 
bottle  for  this  experiment.  It  must  be  perfectly  dry, 
and  thoroughly  well  filled  with  the  gas,  which  may  be 
allowed  to  escape  abundantly  from  the  mouth.  The 

tube  delivering  the  hydrochloric  acid  gas  must  be  slowly  withdrawn,  so  that  the 
vacancy  may  be  lilled  by  gas  and  not  by  air.  The  llask  is  then  closed  with  the 
thumb,  and  opened  under  water,  which  will  enter  it  with  great  violence.  The  ex- 
periment may  also  be  made  as  in  the  case  of  ammonia  (Fig  178). 

The  liquid  hydrochloric,  or  muriatic  acid  of  commerce,  is  a  solution 
of  the  gas  in  water,  and  may  be  recognized  by  the  gray  fumes,  with  the 
peculiar  odor  of  the  acid,  which  it  evolves  when  exposed  to  the  air.  One 
pint  of  water  at  a  temperature  of  40°  P.  is  capable  of  absorbing  480 
pints  of  hydrochloric  acid  gas,  forming  1^  pint  of  the  solution,  having 
the  specific  gravity  1.21.  The  strength  of  the  acid  purchased  in  com- 
merce is  usually  inferred  from  the  specific  gravity,  by  reference  to  tables 
indicating  the  weight  of  hydrochloric  acid  contained  in  solutions  of 
different  specific  gravities.  The  strongest  hydrochloric  acid  (sp.  gr.  1.21) 
contains  43  per  cent,  by  weight  of  the  gas.  The  common  acid  has  usu- 
ally a  bright  yellow  color,  due  to  the  accidental  presence  of  a  little  per- 
chloride  of  iron  (Fe.,Clt!),  and  not  unfrequently  smells  of  chlorine. 

This  acid  is  produced  in  enormous  quantities  in  the  alkali  works, 
where  common  salt  is  decomposed  by  sulphuric  acid  in  order  to  convert 
it  into  sulphate  of  soda,  as  a  preliminary  step  to  the  production  of  car- 
bonate of  soda.  The  alkali  manufacturer  is  compelled  to  condense  the 
gas,  for  it  is  found  to  wither  up  the  vegetation  in  the  neighborhood. 
For  this  purpose  the  hydrochloric 
acid  gas  is  drawn  up  from  the  fur- 
nace through  vertical  cylinders 
filled  with  coke,  over  which  streams 
of  water  are  made  to  trickle.  The 
water  absorbs  the  acid,  and  is 
drawn  off  from  below. 

In  preparing  a  pure  solution  of  the 
acid  for  chemical  use  on  a  small  scale, 
the  gas  prepared  as  above  may  be  passed 
into  a  small  bottle  containing  a  very 
little  water  to  wash  the  gas,  or  remove 
any  sulphate  of  soda  which  may  splash 
over,  and  then  into  a  bottle  about  two- 
thirds  filled  with  distilled  water,  the  tube 
delivering  the  gas  passing  only  about  ^ 
inch  below  the  surface,  so  that  the  heavy  Preparation  of  solution  of  hydrochloric  acid, 
solution  of  hydrochloric  acid  may  fall 
to  the  bottom,  and  fresh  water  may  be  presented  to  the  gas  (Fig.  179).  For  ordi- 
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nary  un»,  an  acid  of  suitabl*-  l»y  pa*«ing  the  gas  ft 

-alt  and  10  ounce*  of 
until  it*  bulk  ban  increased  to  8  ounce-  ul.l  »,.- 


l  with   r«,l<l  \vut«-r.  *im-«'  tlm  iil'.-orj.tii.n  of  hydrochlor;  water  i« 

•  lutitin  t>f  :. 


When  the  concentrated  -olution  of  hvdio.-h:  i  in  a 

retor:  .  -  -  abundance  «.f  h\  drorhloric  acid  «;:is,  render 

able  that    it    i-    not    a   true   chemical   compound   of   water  \\ith  tli- 
Tli.-  <-\<'|uti<>ii  of  gas  ceases  when  tin*    remaining  liquid  i-«.ntain- 
tent,  i.f  acid    and  has  a  sp.  gr.  of  1.10).      If  a  'weaker  acid  than  I  hi-*  !••• 
i.  it  InM-s  \\atcr  until  it  has  attained  thi>  \\hcii  it    di>til> 

nnohaiigi 

The  «  '1  f»<'hiti<.ii  form-  H  r« 

the  era*.     It  may  be  h«>nt«'(l  in  a  flu-k,  nnd  the  ira*  dried  by  PH--IHI;  through  a  bottle 
filled  with  fr  •;.•!  \vitli  c.>n<  .'lit  r:it.-d  culjihut  : 

rw  th«-  mcrruriul  trough  i  Fiij.  180). 


The  avi.lity  with  which  water  at»<>ri.-  h\  .li..(-iil..i  ic  acid  is  the  III.MV 
remarkal.le.  MOaQM  this  ^'as  can  be  li<iuefied  only  under  a  \vi\  hi.«:li 
pressure,  ainoiintini;  at  the  ordinary  temperature  t<>  al>out  tu  atiiM-phen-s. 

licjuffied  hydrochl  i    ha-  c"inparat ively  little  :u-ti«u, 

u[x>n    thi.-i»   metals  which    deconip,)se    it-    a-jueoii-   >olution    with 

06;  quicklime  i-  unatlccted  !.\  it,  and  solid  litmus  di--"he-  in  it 
with  a  faint  purple  color,  instead  «-f  the  l.ri^ht  red  imparted  l-\  the 
a«ju.-<.ii-  h\droehl,,i-ic  acid.  I>ry  liydmchl-  ua-  i-  n< 

t'jccti..n  that  anh\  dr-.u- 

sulph'  30  '    h:i-   li"iie 

powerful  •  -  <>f  oil  of  vitriol,  >ince  it  cannot  }„•  .i..ul.ted 

that   hydrochloric  acid  i->.  in  I  id  in  it-   anhvdrou- 

Btate,  though  it  nianitr-t  |  -  only  \\  hen  \\atei  ; 

The  injii:  lro«-hl(.ric  acid  _i;:i-  ii|io:  j   plant-  i- 

fre-h 

leaves  !i\drochl< 

brown  and  -htivellcd. 

'•'  etalfl  which 

\\ill    also  j    ha\e    tlie 

tl    in  i.-p.-ct  to  th.-ir  capalulity  of 

Bg  hydrorhl..nc  a.  id.  t  \k.  d  in  pretty  nearly  the 


i.roportlon  of  add  tbiu  r0Ulnrd  i.y  th- 
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same  order  as  in  their  action  upon  water  (p.  43).  Since,  however,  the 
attraction  of  chlorine  for  the  metals  is  generally  superior  to  that  of 
oxygen,  the  metals  are  more  easily  acted  upon  by  hydrochloric  acid 
than  by  water,  the  metal  taking  the  place  of  the  hydrogen,  and  a  chlo- 
ride of  the  metal  being  formed. 

Even  silver,  which  does  not  decompose  water  at  any  temperature,  is 
dissolved,  though  very  slowly,  by  boiling  concentrated  hydrochloric  acid, 
the  chloride  of  silver  formed  being  soluble  in  the  strong  acid,  though  it 
maty  be  precipitated  by  adding  water. 

Gold  and  platinum,  however,  are  not  attacked  by  hydrochloric  acid, 
but  if  a  little  free  chlorine  be  present,  it  converts  them  into  chlorides. 

Iron  and  zinc  decompose  the  acid  very  rapidly  in  the  cold,  forming 
chlorides  of  iron  and  zinc,  and  liberating  hydrogen  — 

Fe     +     2HC1    =     FeCl2     +     H2. 

When  potassium  or  sodium  is  exposed  to  hydrochloric  acid  gas,  it 
immediately  becomes  coated  with  a  white  crust  of  chloride,  which  partly 
protects  the  metal  from  the  action  of  the  gas,  but  when  these  metals  are 
heated  to  fusion  in  hydrochloric  acid  gas,  they  burn  vividly — 

Na     +     HC1    =     NaCl     +     H. 

The  composition  of  hydrochloric  acid  m&y  be  exhibited  by  confining 
a  measured  volume  of  the  gas  over  mercury  (see  Fig.  83,  page  113),  and 
passing  up  a  freshly  cut  pellet  of  sodium.  On  gently  agitating  the  tube, 
the  gas  diminishes  in  volume,  and  after  a  time  will  have  contracted  to 
one-half,  and  will  be  found  to  have  all  the  properties  of  hydrogen.  This 
result  confirms  that  obtained  by  synthesis,  as  described  above,  that  two 
volumes  of  hydrochloric  acid  contain  one  volume  of  hydrogen  and  one 
volume  of  chlorine. 

The  electrolysis  of  hydrochloric  acid  is  exhibited  in  the  V-tube  represented  in  Fig. 
181,  where  the  platinum  plate  p  in  the  closed  limb  o  is  con- 
nected with  a  platinum  wire  sealed  into  the  glass  ;  the  other  FIG.  181. 
limb,  A,  is  open.  If  the  closed  limb  be  entirely  tilled  with 
strong  hydrochloric  acid,  and  connected  with  the  negative 
pole  of  a  battery  composed  of  five  or  six  Grove's  or  Bunsen's 
cells,  the  positive  pole  being  connected  with  A,  hydrogen 
will  rapidly  collect  in  the  closed  limb,  whilst  the  odor  of 
chlorine  will  be  perceived  in  the  open  limb.  As  soon  as  the 
liquid  fills  the  open  limb,  the  wire  A  is  withdrawn,  this 
limb  closed  with  the  thumb,  and  the  hydrogen  transferred 
to  it  by  inclining  the  tube.  After  testing  the  hydrogen 
with  a  match,  the  poles  of  the  battery  may  be  reversed, 
when  the  chlorine  will  collect  as  gas  in  the  closed  limb  as 
soon  as  the  hydrochloric  acid  has  become  saturated  with  it. 

108.  Action  of  Hydrochloric  Acid  upon  Metallic 
Oxides. — As  a  general  rule  it  may  be  stated,  that 
when  hydrochloric  acid  acts  upon  the  oxide  of  a 
metal,  the  results  are  water  and  a  chloride  of  the 
metal,  in  which  each  atom  of  oxygen  in  the  oxide 
has  been  displaced  by  two  atoms  of  chlorine. 

Thus,  oxide  of  silver  acted  on  by  hydrochloric  acid  gives  water  and 
chloride  of  silver ;  Ag20  +  2HC1  =  H20  +  2AgCl. 

Snboxide  of  copper  (cuprous  oxide)  yields  water  and  subchloride  of 
copper  (cuprous  chloride);  Cu,0  +  '2HC1  H2O  +  Cu2Cl2. 


1!'"  DOCTRINE    OP    ATOM 

Sesquioxidc  of  iron  gives  wat<  -.-.pi.  •!,!,,,•; 

.  aoi         M  o 

With  biimxide  of  tin.  water.  and  tet  rachloride     birlilo-  -,,,  me 

:   SnO,  +    Iliri          -Jll  n          Snl'l,. 

Oxide  of  .;  LsWHMWrtod  into  water  and  terchloride  of  antimony  ; 

Sb.O,    +     6HC1      =    3H,O     +     2Sb(  I 

In  oases  where  the  corresponding  chloride  does  not  r\i-t.  <>r  is  not 
Stable  under  the  conditions  of  thr  rxpcrinieiit.  :i  chloride  i-  formed  QOD- 
tainin-j  I'1""  chlorine  than  U  equivalent  to  the  OXJ'grn  in  tin-  QXid 
the  balance  is  evolved  in  thr  free  state.     Tliu-.  \\  : 
binoxide  of  manganese  are  heated  with  hydrochloric  acid  — 

.Mn,0,     +     6IIC1     =     3H,0     +      JMn(  I       +     Cl, 
'),      +     4HC1    =     -Jll  <>  MnCl,     +     Cl, 

Chromic  acid,  a  chloride  corresponding  to  whit  -h  is  not  known  to  exist, 

wht-n  lirah'd  with  hvdrochloric  arid.  vu-NU  rhromic  chloride  and  rhlorinc  ; 
1JHC1  =6U,0  +  Cr,Cl.  +  C14. 

\    ni(t:illi(    «.\idr   containing  one  atom  of  oxygen  has  a  corre- 
sponding chloride  of  a  st:iM»-  rharartrr,  !>nt  thr  higher  oxides  less  fre- 

(jncntlv  I'Tin  rMnv>|">iidinu  <-!il..ridrs  endowi-d  with  any  stability. 


109.    M'J'-f'iI'ir  M"»  •/«////  "/'  //y/  :ivccrtaiiic«l   l.y 

experiment  that  36.5  grains  of  hydrochloric  Acid  are  required  t"  n«  n- 

inolecule  (56  grains)  of  caustic  potash.     Thr  numKci 
therefore,  represents  the  mok'rular  wt-i^ht  of  hydrorhlorir  acid,  and  this 

M  <-i»ntinnation   from  the  circumstance  that  IK 

of  hydrochloric  acid  gas  Occupy  twice  the  volume  of   1    part    l.y  weight 
of  hydrogen  (see  page  69). 

1  in.  •  miii-  the  eoin- 

ii    by  volume   of  hydrochloric  arid,  water,  ammonia,  and    mar«di- 

gas,  it  is  seen  that  rqnal  \olnmes  <.f  these  compounds,  measured  in  the 

gaseous  state  at  the  same  temperature  and  pressure,  contain  respec- 

1.  -J,  3,  and  4  volumes  of  hydrogen. 

Thus  -  of  h  \drochloric  acid  gas  contain   1  volume  of  chlorine 

and   1   \olumr  of  hydrogen. 
2  volumes  of   w  tin    1    volumr  of  oxygen   and    _' 

\oluinr-  of  hydnigen. 
..lunies  of  ammonia  contain  1  \  (•lume  of  nit  n>.  \olumes 

•  if  h\  drojren. 

oinines  of  marsh-gas  contain  1  volume  (?)  of  ima^inar\  carlion 
or  and  4  volumes  of  li\ 

In  the  case  of  the  marsh-gas,  it  has  been  alnad\  explained  that  the 

volume   o(  In.  n    vapor   .  annot    1M- 

tained    !>\   exji.-i  niieiit,  I'tit  there  are   reason-.   t->  juM  ify  t  he   assumption 

thai    1.  UrbOB   \apor  would  o«-ciip\   the  **:i\n\'  \olume 

us    1    p-,  In   the  i.the: 

-  exhibit   '  lent-.  pre\  i.nisl\   dcs,  i  il.cd. 

If  it   l.e  allowed    t  :  f  each  «                                                  !umr. 

then  hydrochloiie  a<  id.  I  mat  -h  ^as  w  ill  contain,  for 

one  atom  ot  chJom  \el\,  1.  j, 
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3,  and  4  atoms  of  hydrogen,  or  taking  the  symbol  for  each  element  to 
represent  one  atom — 

Vols.    Weights. 
H  =  l     H  =  l 

Hydrochloric  acid  =  C1H  =  HC1  =  2  =  36.5 

Water  =  0  HH         =  H20  =  2  =  18 

Ammonia  =  N  HUH       =  H3N  =  2  =  17 

Marsh-gas  =  C  HHHH  =  H4C  =  2  =  16 

Since,  on  the  atomic  theory,  hydrogen  is  accepted  as  the  unit  of  atomic 
weight  and  volume,  it  appears  reasonable  to  fix  upon  it  as  representing 
the  unit  of  combining  power,  and  to  classify  the  elements  according  to 
the  tendency  of  their  atoms  to  imitate  the  combining  power  of  one  or 
more  atoms  of  hydrogen. 

By  the  atomicity  or  quantivalence  of  an  element  is  meant  the  number 
expressing  the  hydrogen-atoms  to  which  one  atom  (or  volume)  of  that 
element  is  usually  equivalent. 

Thus,  the  atomicity  of  chlorine  is  =  1,  for  one  volume  (or  atom)  of 
this  element  not  only  combines  with,  and  neutralizes  the  properties  of 
one  atom  (or  volume)  of  hydrogen,  but  is  capable  of  representing  or 
occupying  the  place  of  one  atom  of  hydrogen  in  its  compounds  (see 
page  183). 

The  atomicity  of  oxygen  is  =  2,  since  one  volume  (or  atom)  of  oxy- 
gen combines  with  and  neutralizes  two  atoms  (or  volumes)  of  hydrogen 
in  water,  and  is  generally  capable  of  occupying  the  place  of  two  atoms 
of  hydrogen  in  the  compounds  of  that  element. 

The  atomicity  of  nitrogen  is  =  3,  for  one  volume  (or  atom)  of  nitro- 
gen neutralizes  the  properties  of  three  atoms  (or  volumes)  of  hydrogen 
in  ammonia,  and  is  often  found  to  occupy  the  place  of  three  atoms  of 
hydrogen  in  its  compounds. 

The  atomicity  of  carbon  is  =  4,  for  one  volume  (or  atom)  of  imaginary 
carbon  vapor  is  combined,  in  marsh-gas,  with  four  atoms  (or  volumes)  of 
hydrogen,  and  in  its  compounds  with  other  elements,  one  atom  of  carbon 
is  usually  found  representing  four  atoms  of  hydrogen. 

Since  hydrochloric  acid,  water,  ammonia,  and  marsh-gas  are  the  most 
conspicuous  members  of  large  classes  of  chemical  compounds,  they  are 
often  referred  to  as  types,  and  the  elements,  chlorine,  oxygen,  nitrogen, 
and  carbon,  are  taken  as  the  representatives  of  the  various  classes  into 
which  the  elements  are  divided  according  to  their  atomicities. 

Chlorine  is  the  type  of  one-atom  elements  (technically  called  mon- 
atomic,  uniequivalent,  monad  elements),  the  atomic  weights  of  which  are 
represented  by  the  same  numbers  as  their  equivalent  weights. 

Oxygen  is  the  type  of  two-atom  elements  (diatomic,  biequivalent,  dyad 
elements),  of  which  the  number  representing  the  equivalent  weight  is 
half  of  that  which  represents  the  atomic  weight. 

Equivalent  of  ox3^gen  =    8 
Atom  of  oxygen  =16 

Nitrogen  is  the  type  of  three-atom  elements  (triatomic,  terequivalent, 
triad  elements),  of  which  the  number  representing  the  equivalent  weight 
is  commonly  taken  as  identical  with  that  which  represents  the  atomic 
weight,  though  if  the  equivalentic  system  were  rigorously  carried  out, 
the  equivalent  should  be  one-third  of  the  atomic  weight. 

Carbon  is  the  type  of  four  atom  elements  (tetratomic,  quadr  equivalent, 
tetrad  elements),  of  which  the  number  representing  the  equivalent  weight 


ORAl'iil.'M.    REPRESENTATION    OF    ATOMS. 

•    to    be  one-fourth   of  that    win  IMI    tin-    atomic    u 

.•:i.s  it  IN  i.  1  as   half  that  number. 

>f  carbon  =     6. 
MI  i»f  carbon  =  li'. 

Such  anomalies  as  these  are  unavoidable  during  the  present  transitional 

period  through  which  chemiMi y  appears  tii  be  pasxiirj  towards  tin-  nlli- 

matc  ail«.|,ti..n  of  atom!--  «-ular)  formula-  in  tin-  |  |uiva- 

rmuhu,  a  change  which  oilers  da/./.ling  prospect  . -f  a<l\antage  in 

chemistry,  but  will   probably  he  of  less  service  in  pi 
than  tin-  preservation  of  equivalent    formula!,  so  corn,  ted  u  t«»  remo\e 
the  anomaliei  pn  Mntoi)  in  some  few  cases. 

Tlu-  r\|M-ririirc  of  the  la>t  Irw  years  seems  to  warrant  tin-  I'rli.-f  that 
it  will  be  long  before  expfiiiiM-nt  (the  only  p«»ssil»U-  linal  report  t«»r  the 
chemist)  has  SO  far  n-nx  UODi  \<>  the  at«'inir  li.rniiila-  wliii-h 

« «1.  iii  some  cases,  by  the  gaseous  volume^  and  s|M-«-iiie  heats 
•  •!'  the  elements,  that  the>e  r..nnnl:e  ean  I.e  >anl  \<>  pre-.-m  u»  \\ith  >•> 
true  a  recor-1  ..f  the  a<-tiial  results  of  experimen1  MOieiM  l«»rthe 

loss  of  the  greater  siraplieity  and  pr.-.  I  the  e.iuixalen! 

formula-. 

It  is  remarkable  that  the  four  «•!•  ;\<lt«i.jen.  oxygen,  nitrogen, 

i  boo,  which  oompOM  the  chief  part  «•!' living  matter,  are  respect  i\  el  \ 

.it., mil-,  .liatninie.  triat«.iuie.  and  tet ratomic  elements. 
In  speculations  relating  to  the  atomic  structure  of  compound-,  it  is 
now  usual  to  represent  graphically  the  atomicity  of  each  element  :   thn> 
a   u   'iiatotnic  element,  like   h\ -lr"_:--n.  i>   represented  as  affording  one 
•  ('  altachment,  which  may  IK-  indicated  l.y  writing  the  symlml  II       ; 
a  diatomic    element,  like    oxygen.  alL-id^    tu..  imint-  «,t'  altachment.  a^ 
l»y  writing  its  atomic  symbol  — () — :  accordin-ly.  to  form 

I  to  it. -elf  t  w.»  at'Mn^  of  h\  drogen,  as  r»-prr- 

;  l>\   the  molreiilar  formula  II  —  O—  H.  whereas  in  '  ,:dt-   of 

hydrogen  <II.<>.)  the  second  atom  of  oxygen  is  only  held  liyone  point  of 
attachment,  so  that  the  graph i«   61  1 1      0      H — () —  a«-(  •• 

dency  to  decompose  into  watei  and  f  A  tri- 

at'.mic  dement,  such  as  nitrogen,  has  three  points  of  attachment      \ 

and  thus  in  ammonia,  attaches  to  itself  three  atoms  of  hydrogen         N      H. 
The  tetratomic  element,  carbon,  affords  four  points  of  attachment  >C< 

II  TT 

and  thus  marsh-gas  i  < 'II  1  |,y   j  ||- and  carlnMii 

(CO,)  by  OOCOO. 


COMPOUNDS  OF  (MI    ri\  KM. 

111.    It  is  worthy  of  notice  that  whilst  chl..rine  and  hydrogen  SO  iv 

.  there  is  i  I  by  which  ehloiii,  •.ml.me  in 

t   manner  wi'  :  he-c  elemeir 

ing  been    hit h<  processes.      An  excellent 

!'  the   fact,  that   the   lil'Te  el. 

:    in    th.-i'  ;i    In*   their 

<•,  for   chl-'iin.-  and    «.\\_'cn    are  both  highly  electro- 
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negative  bodies,  and  therefore,  having  both  a  powerful  attraction  for  the 
electropositive  hydrogen,  their  attraction  for  each  other  is  of  a  very  low 
order. 

112.  Hypochlorous  acid  (C120)  is  of  some  practical  interest  as  one  of 
the  constituents  of  chloride  of  lime ,  chloride  of  soda,  and  other  bleach- 
ing compounds.  It  is  prepared  by  passing  dry  chlorine  gas  over  dry  pre- 
cipitated oxide  of  mercury,  and  condensing  the  product  in  a  tube  sur- 
rounded with  a  mixture  of  ice  and  salt — 

HgO    (Oxide  of  Mercury)       +      C14   =    HgCl2   (Bichloride  of  Mercury)      +       C12O. 

The  hypochlorous  acid  is  thus  obtained  as  a  deep  red  liquid,  which  boils 
at  19°  F.,  evolving  a  yellow  vapor  thrice  as  heavy  as  air,  and  having  a 
very  powerful  and  peculiar  odor.  This  vapor  is  remarkably  explosive, 
the  heat  of  the  hand  having  been  known  to  cause  its  separation  into 
its  constituents,  when  two  volumes  of  the  vapor  yield  two  volumes  of 
chlorine  and  one  volume  of  oxygen.  As  might  be  expected,  most  sub- 
stances which  have  any  attraction  for  oxygen  or  chlorine  will  decompose 
the  gas,  sometimes  with  explosive  violence.  Even  hydrochloric  acid 
decomposes  it ;  one  volume  of  hypochlorous  acid  gas  is  entirely  decom- 
posed by  two  volumes  of  hydrochloric  acid,  yielding  water  and  chlorine — 

C120     +     2HC1    =     H20     +     C14. 

Hypochlorous  acid  is  a  powerful  bleaching  agent,  both  its  chlorine  and 
oxygen  acting  upon  the  coloring  matter  in  the  manner  explained  at 
page  183. 

Hypochlorous  acid  is  absorbed  in  large  quantity  by  water.  The  solu- 
tion may  be  very  readily  prepared  by  shaking  the  red  oxide  of  mercury 
with  water  in  a  bottle  of  chlorine  as  long  as  the  gas  is  absorbed.  The 
greater  part  of  the  chloride  of  mercury  which  is  produced  combines  with 
the  excess  of  oxide  of  mercury  to  form  a  brown  insoluble  oxychloride, 
whilst  the  hypochlorous  acid  and  a  little  chloride  of  mercury  remain  in 
solution.  This  solution  is  a  most  powerful  oxidizing  and  bleaching 
agent ;  it  erases  writing  ink  immediately,  and  does  not  corrode  the  paper 
if  it  be  carefully  washed.  Printing  ink,  which  contains  lampblack  and 
grease,  is  not  bleached  by  hypochlorous  acid,  so  tliat  this  solution  is 
very  useful  for  removing  ink  stains  from  books,  engravings,  &c. 

The  action  of  some  metals  and  their  oxides  upon  solution  of  hypo- 
chlorous  acid  is  instructive.  Iron  seizes  upon  the  oxygen,  whilst  the 
chlorine  is  liberated;  copper  takes  both  the  oxygen  and  chlorine,  whilst 
silver  combines  with  the  chlorine  and  liberates  oxygen.  Oxide  of  lead 
(PbO)  removes  the  oxygen,  becoming  peroxide  of  lead  (PbO.2),  and 
liberating  chlorine,  but  oxide  of  silver  converts  the  chlorine  into  chloride 
of  silver,  and  liberates  the  oxygen;  Ag2O  +  C12O  =  2AgCl  -f  O2. 

The  salts  of  hypochlorous  acid,  or  hypochlorites,  are  not  known  in  a 
pure  state,  but  are  obtained  in  solution  by  neutralizing  the  solution  of 
hypochlorous  acid  with  bases.  They  are  decomposed  even  by  carbonic 
acid,  with  liberation  of  hypochlorous  acid. 

When  the  solution  of  a  hypochlorite  is  boiled,  it  becomes  converted 
into  a  mixture  of  chloride  and  chlorate  ;  thus — 

3(K20  .  C12O)     =    2(KC103)     +     4KC1. 

Hypochlorite  of  potash.         Chlorate  of  potash.         Chloride  of 

potassium. 
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This  chan-e  in  turn.  >int   in  tin-  manufacture  of  chlorate 

Of  potash.      It  i-  much  hinder.  -'I    b\    i  -  til'  alkali. 

The  solution  <>r  i,\  |,...-i,'.  in  u  exposed  to  li 

Composed  ii.to  ch|.  .ml  free  chloi, 

O     +     11,0    =     2HC10,    +     C\f 

Chloride  of  lime  (see  p.  184)  is  the  most  important  compound  con- 
tainini:  hypochlorou-  acid.     It-  formula  has  already  been  given  as  OaO. 

\«|.  showing  it  to  be   a   mixture  of  hvpochlorite 

of  lime  with  oxychloride  of  calcium.      When  this  compound  i-  distilled 

with  a  small  quantity  of  diluted  sulphuric  acid,  a  solution  of  hypochlo- 

roiis  acid  ;  1  :  Imt  if  an  excess  of  acid  be  used,  tin-  chloride  of 

calciii!  .  t'urni-hinur  hydrochloric  acid.  which  arts   upon 

tin-  h\  po«  -hi.,  rous  acid,  and  free  chlorine  is  the  result       A  lcoh»l.  alt  hou-jh 

capal»lc  of  dissolvini:  chloride  of  calcium,  d«',-  n.,t  rxtractthat  -:ilt  fnun 

Mt  aching  powder,  because  it  is  combined  with  lime:  Imt  an  excest  of 

•imposes  the  compound  of  chloride  of  calcium  with  lime,  and 

>1*M  the  former. 

•••liing  powder  is  liable  to  decomposition  when  kepi,  it-  h\p«  •«  -hlo- 
•   lime  evolving  ox  \Lr'  n.  and  l»ec<.minir  con\erte<l  into  chloride  of 
calcium,  which   attract-    ni'>i-ture  greedily,  and    render-    the   l.lea«-hin^ 
powder  deliquescent.      It  has  Keen  known  to  shatter  the  glass  bor 
which  it  \\a-  pi  in  consequence  of  the  accumu  la 

\\~hen  a  solution  of  -alt  of  manganese  or  cobalt  i-  added  to  solution 

of  chloride  of  lime,  a    black    precipitate  of  1  inoxide  of  manganese  or 

-esquioxide  of  col.  alt  is  ol.tained,  the  oxide  of  manganese  or  of  cobalt 

acquiring  additional  oxygen  from  the  hypochlorite  of  lime,  and  forming 

de  which  is  indiflcr.-nt.  and  dO6l    not   n-main  in  coml.inal  ii.n  with 

the    acid.      If  this    precipitate    1-e    1.  oiled  wit  h  an    excess  of  solut  ion    of 

chloride  of  linn-,  it    causes   a   rapid  di  cut  of  oxygen  in   some 

.tier  that  has  not  \  .  laincd. 

•  •  .juanti1  \ygen  are  easily  obtained  l.y  ad«lini:  :i  few  droj,- 

Mtion  of  nitrate  of  cobalt  to  .solution  of  chloride  of  lime,  and  ap- 
ph  i: 

.  -.vhich   is  very  useful  for  rci  nk,  i-    piv- 

pared  in   solution  by  de<-omposillg  solution  of  chloride  of  lime  \\ith  -o- 
lution  .and    separatiui:    the    eai  boiiate  of  lime    by 

filtration.     The  solution  is  ^,.,,,.r:llly  called  ••  chloride  of  tod*.*1 

1  1.:      '  '       |     HC10    •      T  |  appropriate! 

since  its  compounds  arc  usually  obtained  by  the  deoompoaition  of  the 

The  onh  :id  of  chloric  !irid  which  p<>ss6M6l  :my 

the    chl'  k  i     0  ich    is 

largely  employed  as  a  s«< 

I  in  tlic  '  ore  of  in. 

•:  cthod  of  obtaining  tlii-  -alt  con- 

sists in  passing  •  -hlorinc  i-apidly  it  -••hition  of 

.  when  the  li<|iiid  1  h\  pochlo- 

i-sium.  w  hich  remain-  in 

solution,  and  chl«.ra-  i-h.  whii-h  i-  d  :  in  labnhr 

the  ultimate   re-lilt    briliu'  eXple--,-d   '  •!)  — 


6(KHO)  +  C14  :      KC!c  k«  l          II  o. 
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If  carbonate  of  potash  or  a  weak  solution  of  hydrate  of  potash  be  em- 
ployed the  liquid  will  require  boiling  after 
saturation  with  chlorine,  in  order  to  convert  Fm.  1*2. 

the  hypochlorite  into  chlorate. 

The  following  proportions  will  be  found  conve- 
nient for  the  preparation  of  chlorate  of  potash  on 
the  small  scale  as  a  laboratory  experiment.  300 
grains  of  carbonate  of  potash  are  dissolved,  in  a 
beaker,  with  two  measured  ounces  of  water.  GOO 
grains  of  common  salt  are  mixed  with  450  grains 
of  binoxide  of  manganese,  and  very  gently  heated  in 
a  flask  (Fig.  182)  with  a  mixture  of  1  £  ounce  (meas- 
ured) of  strong  sulphuric  acid  and  4  ounces  (meas- 
ured) of  water,  the  evolved  chlorine  being  passed 
through  a  rather  wide  bent  tube  into  the  solution 
of  carbonate  of  potash. 

At  first  no  action  will  appear  to  take  place,  al- 
though the  solution  absorbs  the  chlorine;  because 
the  first  portion  of  that  gas  converts  the  carbonate 

of  potash  into  a  mixture  of  hypochlorite  of  potash,  chloride  of  potassium,  and  bicar- 
bonate of  potash,  some  crystals  of  which  will  probably  be  deposited — 

4(K2O.C02)  -f  C14  +  2H20  =  2KC1  -f  K2O  C12O  +  2(K2O.H2O  2CO2). 

On  continuing  to  pass  chlorine,  these  crystals  will  redissolve.  arid  brisk  effervescence 
will  be  caused  by  the  expulsion  of  the  carbonic  acid  from  the  bicarbonate  of  potash — 

2(K20  H20.2C02)  -f  C14  =  2KC1  +  K2O.C12O  -f-  2H2O  -f-  4CO2. 

When  this  effervescence  has  ceased,  and  the  chlorine  is  no  longer  absorbed  by  the 
liquid,  the  change  is  complete,  the  ultimate  result  being  represented  by  the  equa- 
tion— 

2(K2O.C02)  +  C14  =  2KC1  -f  K2O.C120  -f  2CO2. 

The  solution  (which  often  has  a  pink  color,  due  to  a  little  permanganate  of  potash  ) 
is  now  poured  into  a  dish,  boiled  for  two  or  three  minutes,  filtered,  if  necessary. 
from  any  impurities  (silica,  &c.),  derived  from  the  carbonate  of  potash,  and  set 
aside  to  crystallize.  The  ebullition  has  converted  the  hypochlorite  of  potash  into 
chlorate  of  potash  and  chloride  of  potassium — 

3(K2O.C120)  =  2KC103  +  4KC1. 

The  latter  being  soluble  in  about  three  times  its  weight  of  cold  water  is  retained 
in  the  solution,  whilst  the  chlorate  of  potash,  which  would  require  about  sixteen 
times  its  weight  of  cold  water  to  hold  it  dissolved,  is  deposited  in  brilliant  rhorn- 
boidal  tables.  These  crystals  may  be  collected  on  a  filter,  and  purified  from  the  ad- 
hering solution  of  chloride  of  potassium  l>v  pressure  between  successive  portions  of 
filter-paper.  If  they  be  free  from  chloride  of  potassium,  their  solution  in  water 
will  not  be  changed  by  nitrate  of  silver,  which  would  yield  a  milky  precipitate  of 
chloride  of  silver  if  that  impurity  were  present.  Should  this  be  the  case,  the  crys- 
tals must  be  redissolved  in  a  small  quantity  of  boiling  water  and  rccrystallized.  * 

The  above  processes  for  preparing  the  chlorate  of  potash  are  far  from 
economical,  since  five-sixths  of  the  potash  are  converted  into  chloride, 
being  employed  merely  to  furnish  oxygen  to  convert  the  chlorine  into 
chloric  acid.  In  manufacturing  chlorate  of  potash  upon  the  large  scale, 
a  much  cheaper  material,  lime,  is  used  to  furnish  the  oxygen,  one  mole- 
cule of  carbonate  of  potash  being  mixed  with  six  molecules  of  slaked 
lime,  and  the  damp  mixture  saturated  with  chlorine.  On  treating  the 
mass  with  boiling  water,  a  solution  is  obtained  which  contains  chlorate 
of  potash  and  chloride  of  calcium  ;  the  latter,  being  very  soluble,  remains 
in  the  liquor  from  which  the  chlorate  of  potash  crystallizes  on  cooling. 
The  ultimate  result  of  the  action  of  chlorine  upon  the  mixture  of  car- 
bonate of  potash  and  lime  is  thus  expressed — 

K2O.C02  +  6CaO  +  C112  =  2KC1OS  +  5CaCl2  +  CaO.C02. 


I1."'*  DETONATING    COMPOSITIONS. 

A  still  cheaper  salt  of  ]  ..tl,.  •••!.'  M  «  m 

for   tin-     • 

The  solution  of  chloride  of  potassium  is  mixed   with   lini-  . 
with  chlorine  in  »•!.•-«•  leaden  tanks.      Tin-  solution  is  tillered.  evaporated 
iryness,  :m«l    redissoh  ed   in    hot    water,  \\hen    tin-   rlil... 

tii  j,    Thi  chloride  <-r  calcium  is  pr.-cipi- 
arbonate  of  soda  to  obtain  pre(  < 

Anh\drous  chloric  acid  (Cl?O  )  has  i  '  tained  in  tit- 

rate state  ;  hut  it-  hydrate     II  o.  do  or  llcio  i  may  !•••  prooared  by 

decomposing  E  solution  of  chlorate  of  potash  with  hylroiluosiliri. 

;hr   potassium  is  deposited  as  an  insoluble  Mliro  -tluoi  ide,  and 
li\<lr:itfd  i-hlorif  acid  is  toiinil  in  tin-  snlutiiui1  — 


|KttO  -IN  -.Ml-*,  (O^rofhuMMcAcid)  =      -JlK'lO.-f    SKK.SiF,. 

On  «•  ingthe  solution  at  a  trni|.«-ratun-  imt  (-\i-«M-«|ing  100°  FM 

;iloric  acid  is  obtained  as  a  y«-ll..w    liquid  with  a  p.-mliar 
pungent  stm-ll. 

In  it-  chi-inical  charact<Ts,  hydratcd  clih.ric  a.-i.l  • 

iiydratrd  nitric  acid,  but   i-  tar  IIHMV  ra-ily  d- 

It  cannot  e\cn  !>»•  kt-pt  nnchaii^'-d  tor  any  Icn-th  of  tinn-.  an<l  at  l.-m- 
peratures  above  104°  F.  it  is  decomposed  into  p,.rclil.-ric  a.  -id.  chlorim-, 
and  oxygen  : 

4(HC10a)  ==  2HC104  -f  H,0  +  Cl,  -t-  O,. 

llvilratt-d  chloric  acid  is  one  of  the  most  p«i\\»-rful  o\idi/in'_r  :» 
a  drop  of  it  will  set  lire  to  |  i  it   oxidi/.es  phosphorus  (even  the 

amorphous  variety)  with  ei 

.      Chloric  acid,   like    nitric.  U   monol-a-ir.   containing  <»nlv 
one  atom  of  h\  The  rhl«»rates  rrsrinbh- 

in  their  _:  power,  but  generally 

IM-  act    at     lou.-i-    temperatures,    in    consequence    of    the 

greater    facility    with    which   tho   chlorates   part    with 
their  oxygen. 


t 


A  grain  or  two 

with  a  little  sulphur.  itM  vi..l«-nf 

ing  a  powerful  odor  ol  ' 

N  UH.-.I  in  some  nf  tl,.  ,  hut 

•  orrode  th««  ui|  i 
to  the  antieorrotwe  citn*  <-uut>iitiiii<:  fuliniici-  try. 

If  a  littl"  p.iw.l.-r.'il  chl..r:i- 

with   some  black   sul|>hi<)<>  ..f  nntim  p  in 

paper,  th.  •.  ith  a  liii[))in»r. 

tube*  u*ed  These  nrnMniH 

188)  of  sheet  c<>  .in    t'<>r  : 

fllU'.i  •     ..»"     til"     ttll>l'      It    .-1111111 

B 

potii-  -ulplmr,    i 

•.  a   pint    ••!'  -piril   <•) 
tuOe  is  fixed  in  the  rent  of  the  mm,  nnd  th>-  copp.-r  r  .  .   witlxlni.. 

nind*  of  the  gin,-  l.-toiiHtin-  :  r.  ill-- 

iln  meMuraof  bydrofluoclllcic  scid  <  will  d.-compoM  lOOgmln- 


COLORED    FIRES.  197 

The  earliest  lucifer  matches  were  tipped  with  a  mixture  of  chlorate  of  potash, 
sulphide  of  antimony,  and  starch,  and  were  kindled  by  drawing  them  briskly 
through  a  doubled  piece  of  sand-paper. 

At  high  temperatures  the  chlorates  act  violently  upon  combustible 
bodies.  A  little  chlorate  of  potash  sprinkled  upon  red-hot  coals  causes 
a  very  violent  deflagration.  If  a  little  chlorate  of 
potash  be  melted  in  a  deflagrating  spoon,  and  FlG-  184- 

plunged  into  a  bottle  or  flask  containing  coal-gas 
(Fig.  184),  the  salt  burns  with  great  brilliancy,  its 
oxygen  combining  with  the  carbon  and  hydrogen  in 
the  gas,  which  becomes,  in  this  case,  the  supporter 
of  combustion.  The  flask  may  be  conveniently 
filled  with  coal-gas,  by  inverting  it,  and  passing  a 
flexible  tube  from  the  gas-pipe  up  into  it. 

Chlorate  of  potash  is  much  used  in  the  manufac- 
ture of  fireworks,  especially  as  an  ingredient  of 
colored  fire  compositions,  which  generally  consist  of 
chlorate  of  potash  mixed  with  sulphur,  and  with 
some  metallic  compound  to  produce  the  desired  color 
in  the  flame.  They  are  not  generally  made  of  the 
best  quality  on  the  small  scale,  from  want  of  attention  to  the  very 
finely  powdered  state  of  the  ingredients,  the  absence  of  all  moisture, 
and  the  most  intimate  mixture. 

If  these  precautions  be  attended  to,  the  following  prescription  will  give  very 
good  colored  fires  : 

Red  Fire. — 40  grains  of  nitrate  of  strontia,  thoroughly  dried  over  a  lamp,  are 
mixed  with  10  grains  of  chlorate  of  potash,  and  reduced  to  the  finest  possible 
powder.  In  another  mortar  13  grains  of  sulphur  are  mixed  with  4  grains  of  black 
sulphide  of  antimony  (crude  antimony).  The  two  powders  are  then  placed  upon  a 
sheet  of  paper,  and  very  intimately  mixed  with  a  bone  knife,  avoiding  any  great 
pressure  A  little  heap  of  the  mixture  touched  with  a  red-hot  iron  ought  to  burn 
with  a  uniform  red  flame,  the  color  being  due  to  the  strontium. 

Blue  Fire. — 15  grains  of  chlorate  of  potash  are  mixed  with  10  grains  of  nitrate 
of  potash  and  30  grains  of  oxide  of  copper,  in  a  mortar.  The  finely-powdered 
mixture  is  transferred  to  a  sheet  of  paper,  and  mixed,  by  a  bone  knife,  with  15 
grains  of  sulphur.  The  color  of  the  fire  is  given  chiefly  by  the  copper. 

Green  Fire. — 10  grains  of  chlorate  of  baryta  are  mixed  with  10  grains  of  nitrate 
of  baryta  in  a  mortar,  and  afterwards,  on  paper,  with  12  grains  of  sulphur.  The 
barium  is  the  cause  of  the  bright  green  color  of  the  flame. 

These  compositions  are  rather  dangerous  to  keep,  since  they  are  liable  to  spon- 
taneous combustion. 

White  Gunpowder  is  a  mixture  of  two  parts  of  chlorate  of  potash  with  one  part 
of  dried  yellow  prussiate  of  potash,  and  one  part  of  sugar,  which  explodes  very 
easily  under  friction  or  percussion. 

The  decomposition  of  chlorate  of  potash  by  heat  into  oxygen  and 
chloride  of  potassium  is  attended  with  evolution  of  heat,  unlike  most 
cases  of  chemical  decomposition,  in  which  heat  is  generally  absorbed. 
If  chlorate  of  potash  be  heated  to  the  point  at  which  it  begins  to  decom- 
pose, and  a  little  peroxide  of  iron  be  thrown  into  it,  enough  heat  will 
be  evolved  to  bring  the  mass  to  a  red  heat,  although  the  peroxide  of 
iron  is  not  oxidized.  Experiment  has  shown  that  one  part  of  chlorate 
of  potash  evolves  during  decomposition,  nearly  39  units  of  heat,  or  enough 
heat  to  raise  39  parts  of  water  through  1°  C.  This  anomalous  evolu- 
tion of  heat  must  of  course  contribute  to  increase  the  energy  of  ex- 
plosh'e  mixtures  containing  the  chlorate,  and  may  be  accounted  for  on 
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the  supposition.  ,ii  ,,f  the 

siuiii  with  tin-  chlorine  to  form  chloi  i«ie  of  pota-  .-euNthat  which 

is  absorbed  in  cllcctmur  tin-  chemical  o!isintc._:ralion  «>f  tin-  chlot 

1  M.    Anhvlrou-  /  acid  (Cl  <  •  \\n.      The  h\  .Iratcol 

•r_r  down,  at  a  boilinir  heat.  the  »..iuti..n  «.r 
I  I  iv  decomposing  ehloraie  Of  potath  with  h\«lr<>tliu>- 
I  (see  p.  196),  when  tin-  chloric  :u-i.|    i>   d-'compo>fd  in1 
0  a<-id,  chlorine,  and  oxygen  — 

id  I  CIO,)     —     2HC1O4    -f     H,0     +     Cl,     +     Or 

-t  of  th««  wat«T  lius  h«'«'ii  l>->il,.,l  otF.  lli-  H.jiinl  may  bo  intr.-- 

.  r  has  past* 

v  oily  li'i'ii'l  whi.-li   i-    Il<  If  ilii-  I.. 

!'«>ur  tim«««  it*  volume  of  strong  sulphuric  ncitl  an  I  iht  j.uri-  hydrated 
.    first  passes  over  ns  a  yellow  w 

'•••  mixed  with  tin- 

f,(rrii.-!                                -ifls  j.ilky  cryst'i  which  are  decom- 
posed n                           iH    ".         ..-h  may  bedi.-til! 
B  lli-  retort  — 

•J  Hc;<>4  H,0)    =    HC1O4    -f     IK    «>it2H,0. 

The  pure  hydrated  perchloric  acid  is  a  col-  i<iui<l 

(sp.  gr.  1.782),  which  soon   becomes  yill<>\\    :  !ii|M.viti..n.     It 

U-   kept  for  any  Im-jtli  "f  timr.      \Vlu-n  lu-ati-l  it   undergoes  de- 

f  often  with  ezplosioB.    [B  ils  ozidiihig  propt  i  mon- 

•ul  than  chloric  ai-id.      It  l»urn>  the-  >k\n  in  a  very  >cri«»us  manner. 

and  sets  fire  to  paper,  charcoal,  &«•..  with  e\pl...i\,.  \i.,lrnce.    Thi-  want 

•  ility.  however,  belongs  only  t..   the    pure    h\.liatc.      If  water   he 

a«Me<l  to  it  heat  is  evolved,  ami  a  <iiltite<l  aci-1  of  far  irn-ater  pt-niianence 

ined      IMlute.l  jM-rchloric  aci.l  does  not  even  bleach,  I.  tit  re.M.-n- 

litmus  in  the  ordinary  v 

il«.iio  acid  is  monobasic.     The  perckloralet  an  «!••«-.  .mposc.l  l.y 
heat,  evolving  oxygen  and  leaving  «  hloi  ides  ;  thus  — 

=    KC1  O. 


perchlorate  of  potash  is  always  fount  -1  in  the  first  stage  of  the 
decomposition  of  chlorate  of  potash  by  heat— 

KC1OJ    =    KCIO4    +     KCI     4-     O,. 

If  a  f  -  "f  rhlonito  of  potash  be  heat«-i  !irst  nn-lt  t<> 

-  a  tim.-  th"« 

:;  a.-poMt. 

potash.     These  are  rea«l 

ing  a  yellow  gas  (CIO,i  bloratt 

of  potash  is  rrintirkable  as  on.-  »f  th.-  ;,-n.t  -  lirini; 

•  ••*  iU  weiirht  of  cold  water  to  dissolve  u. 
of  its  salts  is  applied  to  any  n-.-ful  |>ur(«o»e. 

• 

It  i- 

K«  IO,  JlI,SO4    =    KCIO4    4  ;-    H,O. 

.Sulphuric  tcid.     IVr.  ttlor.i- 
i»h.  iih.  u»h. 

i;as,  with  K  ••!!.  nnd  •»]•. 

>hle  at  —  4     t 

aid  a  t«-m;  140°  F. 
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causes  it  to  decompose  with  violent  explosion  into  a  mixture  of  chlorine  and  oxygen, 
the  volume  of  which  is  one-third  greater  than  that  of  the  compound. 

On  a  small  scale  chloric  peroxide  may  be  prepared  with  safety  by  pouring  a  little 
strong  sulphuric  acid  upon  one  or  two  crystals  of  chlorate  of  potash  in  a  test-tube 
supported  in  a  holder.  The  crystals  at  once  acquire  a  red  color,  which  gradually 
diffuses  itself  through  the  liquid,  and  the  bright  yellow  gas  collects  in  the  tube.  If 
heat  be  applied,  the  gas  will  explode,  and  the  color  and  odor  of  chloric  peroxide 
will  be  exchanged  for  those  of  chlorine.  If  the  chlorate  of  potash  employed  in  this 
experiment  contains  chloride  of  potassium,  explosion  often  takes  place  in  the  cold, 
since  the  hydrochloric  acid  evolved  by  the  action  of  the  acid  upon  that  salt  decom- 
poses a  part  of  the  chloric  peroxide,  and  thus  provokes  the  decomposition  of  the  re- 
mainder. 

Chloric  peroxide  is  easily  absorbed  by  water,  and  the  solution  has 
powerful  bleaching  properties.  Combustible  bodies,  such  as  sulphur 
and  phosphorus,  decompose  the  gas,  as  might  be  expected,  with  great 
violence.  This  powerful  oxidizing  action  of  chloric  peroxide  upon  com- 
bustible substances,  appears  to  be  the  cause  of  the  property  possessed 
by  mixtures  of  such  substances  with  chlorate  ol  potash  to  inflame  when 
touched  with  strong  sulphuric  acid. 

If  a  few  crvstals  of  chlorate  of  potash  be  thrown  into  a  glass  of  water  (Fig   185), 
one  or  two  small  fragments  of  phosphorus  dropped  upon  them, 
and  some  strong  sulphuric  acid  poured  down  a  funnel-tube  to 
the  bottom  of  the  glass,  the  chloric  peroxide  will  inflame  the 
phosphorus  with  bright  flashes  of  light  and  slight  detonation*. 

Powdered  sugar,  mixed  with  chlorate  of  pota.-h,  on  paper,  will 
burn  brilliantly  when  touched  with  a  glass  rod  dipped  in  strong 
sulphuric  acid.  Matches  may  be  prepared  which  inflame  when 
moistened  with  sulphuric  acid,  by  dipping  the  ends  of  splinters 
of  wood  in  melted  sulphur,  and  when  cool,  tipping  them  with  a 
mixture  of  5  grains  of  sugar  and  15  grains  of  chlorate  of  potash 
made  into  a  paste  with  4  drops  of  water.  When  dry,  they  may 
be  fired  by  dipping  them  into  a  bottle  containing  asbestos  moist- 
ened with  strong  sulphuric  acid.  These  matches,  under  the 
names  of  Eupyrion  and  Vesta  matches,  were  used  before  the  in- 
troduction of  phosphorus  into  general  use.  The  Promethean 
light  was  an  ornamental  scented  paper  spill,  one  end  of  which 
contained  a  small  glass  bulb  of  sulphuric  acid  surrounded  with 
a  mixture  of  chlorate  of  potash  and  sugar,  which  inflamed  when 
the  end  of  the  spill  was  struck  or  squeezed,  so  as  to  break  the 
bulb  containing  the  sulphuric  acid.  The  paper  was  waxed  in  order  to  make  it  in- 
flame more  easily.  Percussion  fuses,  &c.,  have  been  often  constructed  upon  a  sim- 
ilar principle. 

Chloric  peroxide  used  to  be  called  hypochloric  acid,  but,  like  nitric 
peroxide,  it  appears  to  have  no  claim  to  be  considered  a  true  acid,  since, 
in  contact  with  the  alkalies,  it  yields  mixtures  of  chlorites  and  chlorates; 
thus — 

4C102     +     2K20     =     K2O.C1203     +     2KC1O3. 

Euchlorine,  the  deep  yellow,  dangerously  explosive  gas  evolved  by 
the  action  of  strong  hydrochloric  acid  upon  chlorate  of  potash,  appears 
to  be  a  compound  of  anhydrous  chloric  and  chlorous  acids  (2C12O5.C12O3) 
mixed  with  free  chlorine. 

116.  Chlorous  acid  (Cl./Xj)1  is  another  unstable  and  dangerously  ex- 
plosive gas,  obtained  by  the  action  of  a  very  gentle  heat  upon  a  mixture 
of  three  parts  of  arsenious  acid,  four  of  chlorate  of  potash,  and  sixteen 
of  diluted  nitric  acid  (sp.  gr.  1.24) — 

1  This  gas  occupies  three  times  the  volume  of  an  atom  of  hydrogen,  instead  of  twice  that  volume, 
as  usual. 
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Chlorous  acid   in  a  deep,  yellowish  ^reen,  heavy  gas  (SP-  tfr-   i 
wliirli  is  absorbed  by  water,  ami  decompn...  ui  the 

chlori-  .      It  is  a  weak   arid.  its  salts,  the  .  being  de- 

composed «  nic  acid.      A 

•I.  I. lit  an    intense  OOld  OOOdeDMI  .•<!   li.jiiid, 

\\hich  boils  at  a  little  above  the  melting-point  . 
ami  explodes  at  a  somewhat  higher  temperature. 

1  1  7.    '/•  B    ••  eral  points  of 

!1     have    l'i-rii    noli 

chlorine  ami  t  liose  of  nit  n.-jen,  1-ut  t  lie  former  are  iniu-li  less  .staMe  t  han 
the   latter.      ChloroiiN    a«-i.l     <      0  N  ((  »,  i-   :i  weak 

r  <  '1  ()4)  iseasi  ,  chin- 

rousaiidrhlnri<-  it  MDttno  peroxide  (NO,  or  N.O     i   ••-oi\-edint«» 

nitrou.s  and  nil  i  The  hydrated  chloric  a.  :•  i  <  1 1  I'M  . 

ful  oxidizing  agent  like  hydratt-d  nitric  aci-1  .  ll\«>    .  :md  tin-  ch: 

i-le  the  nitrate>  in  their  solubility  in  water  and  their  o\idi/.in^ 
power.  The  comport  inn  by  \«»luine  of  those  oxiiles  of  chlorine  which 
are  known  in  the  separate  state,  is  exhibited  in  the  following  table: 
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subliming  unchanged.  It  is  not  dissolved  by  water,  but  is  soluble  in 
alcohol  and  ether. 

When  the  vapor  of  trichloride  of  carbon  is  passed  through  a  tube 
containing  fragments  of  glass  heated  to  redness,  it  is  decomposed  into 
chlorine  and  a  colorless  liquid,  which  is  the  dichloride,  formerly  called 
protochloride  of  carbon  (C2C14).  It  has  an  aromatic  odor,  and  boils  at 
248°  F. ;  is  heavier  than  water  (sp.  gr.  1.5),  which  does  not  dissolve  it, 
and  is  soluble  in  alcohol  and  ether. 

By  passing  the  vapor  of  this  dichloride  of  carbon  through  tubes  heated 
to  bright  redness,  it  is  decomposed  into  chlorine  and  monochloride,  for- 
merly called  subchloride  of  carbon  (G2C12),  which  forms  silk}7  crystals 
almost  free  from  odor,  insoluble  in  water,  but  soluble  in  ether,  and 
capable  of  being  sublimed  unchanged  at  a  high  temperature.  It  burns 
in  air  with  a  red  smoky  flame. 

Tetrachloride  (bichloride}  of  carbon  (CC14)  has  been  mentioned  (p.  183) 
as  the  final  result  of  the  action  of  chlorine  upon  marsh-gas  (CHJ  and 
upon  chloroform  (CHC13).  It  is  easily  obtained  in  large  quantity,  by 
passing  chlorine  (dried  by  passing  through  a  tube  containing  pumice 
wetted  with  strong  sulphuric  acid)  (Fig.  186)  through  a  bottle  contain- 
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Preparation  of  bichloride  of  carbon. 

ing  bisulphide  of  carbon,  and  afterwards  through  a  porcelain  tube 
wrapped  in  sheet  copper,  and  filled  with  fragments  of  broken  porcelain, 
maintained  at  a  red  heat  by  a  charcoal  or  gas  furnace,  and  condensing 
the  products  in  a  bottle  surrounded  by  ice.  A  mixture  of  tetrachloride 
of  carbon  and  chloride  of  sulphur  is  thus  obtained  — 


2         01.      = 


CC1 


S,C12 


CS 

Bisulphide  of  carbon. 

By  shaking  this  mixture  with  solution  of  potash,  the  chloride  of  sulphur 
is  decomposed  and  dissolved,  whilst  the  tetrachloride  of  carbon  sepa- 
rates and  falls  to  the  bottom.  The  upper  layer  having  been  poured  off, 
the  tetrachloride  may  be  purified  by  distillation. 

Tetrachloride  of  carbon  is  a  colorless  liquid,  much  heavier  than  water 
(sp.  gr.  1.6),  having  a  peculiar  odor,  and  boiling  at  172°  F.  It  may  be 
solidified  at  —  9°  F.  The  tetrachloride  is  insoluble  in  water,  but  dissolves 
in  alcohol  and  ether. 
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UN  tin-  action  of  chlorine  on  n:t| 

lining  (',„<  '!..  to 
uhich  he  -javc  tin-   : 

It   \\  ill  In-  noticed  that  each  of  tin-  compounds  of  chl«  •rim-  with  carbon. 

t  In-  >e-quichloride,  has  its  parallel  in  the  o  -iMpound-  of  h\  <i 
with  carbon  ;'  thus  — 


Acetylene     C,H,  corresponds  to  mono.  -hlo  ride  of  carl 
Oleflmnt  gatC  H4  M  dichloride  <   ri4 

Marsh-gas     (II,  "  tetrachloridc        " 


Tin-  history  of  trichloride  of  carbon  affords  an  instructive  instance  of 
the  influence  of  the  molecular  weight  of  a  compound    upon  its    p. 
ties.      l',\   passing  the  vapor  of  tetrachloridc  of  through  a  tube 

heated  to  dull  redness,  a  liquid  is  obtained  which  is  found  by  analysis 
t..  c.'iitain  prcei-i-ly  the  same  proportions  of  carbon  ainl  chlorine  as  the 
solid  trichloride  above  described,  but  the  specific  gravity  "f  iu  vap..r 
(11=1)  is  only  .".'.M.'."..  which  is  half  that  of  the  vapor  of  solid  trichloride 
of  carbon,  showing  that  in  the  liquid  compound  the  same  proportions 
of  carbon  vapor  and  chlorine  are  condcn-cd  into  a  volume  tw 
large  as  in  the  solid  trichloride,  •_'  vols.  of  the  vapor  of  the  liquid  Mttt- 
i  1  \«»1.  imaginary  carl  .....  vapor,  ami  :;  fOlt.  chlorine,  and  bnii^ 
i-i-pn-^.-ntr«l  by  the  formula  < 

The  following  table  exhibits  the   composition   of  the   chlorides  of 
carbon  : 

Chlorides  of  Carbon. 
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in  which  two  molecules  of  NH3  have  been  decomposed,  two  atoms  of 
the  hydrogen  having  been  removed  in  the  form  of  hydrochloric  acid, 
and  replaced  by  a  molecule  of  carbonic  oxide. 

120.  Chloride  of  silicon,  unlike  the   chlorides    of  carbon,   may  be 
formed  by  the  direct  union  of  silicon  with  chlorine  at  a  high  tempera- 
ture ;  but  it  is  best  prepared  by  passing  dry  chlorine  over  a  mixture  of 
artificial   silica   and  charcoal,  heated  to  redness   in    a  porcelain  tube 
connected  with  a  receiver  kept  cool  by  a  freezing  mixture.     Neither 
carbon  nor  chlorine  separately  will  act  upon  the  silica,  but  when  they 
are  employed  together,  the  carbon  removes  the  oxygen  and  the  chlorine 
combines  with  the  silicon— Si02  +  C2  +  C14  =  SiCl4  +  2CO. 

The  chloride  of  silicon  is  a  colorless  heavy  liquid  (sp.  gr.  1.52)  which 
is  volatile  (boiling-point,  138°  F.),  and  fumes  when  exposed  to  air,  the 
moisture  of  which  decomposes  it,  yielding  hydrochloric  and  silicic  acids, 

SiCl4     +     2H20  =  SiO2    +     4HC1. 

Although  it  has  received  no  practical  application  on  a  large  scale,  the 
chloride  of  silicon  is  valuable  to  the  chemist  as  a  convenient  source  of 
compounds  of  silicon,  which  could  not  easily  be  procured  from  the  very 
unchangeable  silicic  acid. 

By  passing  hydrochloric  acid  over  silicon  heated  to  redness,  a  very  remarkable 
liquid  is  obtained,  which  is  much  more  volatile  than  the  chloride  of  silicon  (boiling- 
point,  108°  P.),  and,  unlike  most  chlorine  compounds,  is  inflammable,  burning  with 
a  greenish  flame,  and  producing  silica  and  hydrochloric  acid.  It  fumes  strongly  in 
air,  and  is  decomposed  by  water,  yielding  hydrochloric  acid,  and  the  substance 
termed  leukone.  The  composition  of  this  liquid  appears  to  be  Si3H4(Jl10,  and  its  pro- 
duction would  be  represented  by  the  equation  Si3  +  10HC1  =  Si3H4Cl10  -f-  H6.  Its 
decomposition  by  water  would  be  explained  by  the  equation — 

Si3H4Cl10    +    5H20  =  Si3U405     +     10HC1. 
Leukone. 

The  chloride  of  boron  (BC13)  is  similar  in  its  general  character  to  the 
chloride  of  silicon,  and  is  prepared  by  a  similar  process,  but  it  is  a  gas 
instead  of  a  liquid  at  ordinary  temperatures. 

121.  Chloride  of  nitrogen  is  the  name  usually  given  to  the  very  explo- 
sive compound  before  referred  to  as  being  produced  by  the  action  of 
chlorine  on  sal  ammoniac.     Its  composition  is  somewhat  uncertain  ;  its 
explosive  character  rendering  its  exact  analysis  very  difficult.     Some 
chemists  regard  it  as  NC13,  that  is,  ammonia  in  which  all  the  hydrogen 
has  been  displaced  by  chlorine,  whilst  others  believe  it  to  contain  hydro- 
gen, regarding  it  as  derived  from  two  molecules  of  ammonia  (NH3.NH3), 
by  the  substitution  of  live    atoms  of  chlorine   for  five  of  hydrogen 
(NC13.NHC12). 

It  is  a  yellow,  heavy,  oily  liquid  (sp.  gr.  1.65),  which  volatilizes  easily, 
yielding  a  vapor  of  very  characteristic  odor,  which  affects  the  eyes. 
When  heated  to  about  200°  F.  it  explodes  with  great  violence,  emitting 
a  loud  report  and  a  flash  of  light.  Its  instability  is,  of  course,  attribu- 
table to  the  feeble  attraction  which  holds  its  elements  together;  and  the 
violence  of  the  explosion,  to  the  sudden  expansion  of  a  small  volume  of 
the  liquid  into  a  large  volume  of  nitrogen,  chlorine,  and  perhaps  hydro- 
chloric acid.  As  might  be  expected,  its  explosion  is  at  once  brought 
about  by  contact  with  substances  which  have  an  attraction  for  chlorine, 
such  as  phosphorus  and  arsenic;  the  oils  and  fats  cause  its  explosion, 
probably  by  virtue  of  their  hydrogen  ;  oil  of  turpentine  explodes  it  with 
greater  certainty  than  the  fixed  oils.  Alkalies  also  decompose  it  vio- 
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Iciitlv  :  \\  hiUt  :iri<N.  liaviii'.:  no  art  ion  npon  tlii- rh.  iMf 
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AltliouoJ,  lv  unimportant.  th«-  vi.-lrnt  BXplotfo 

!  M  inter, -ting  that  it  may  be  well  to  give  some 
•ti«  .us  for  its  safe  preparation. 

Preparation  of  Chloride  of  Nitrogen  —Dissolve  4  oz  of  sal  ammoniac  in  48  oz. 
(mea-  porcelain  dish,  at  a  p  Filter  the  solution,  and 

pour  it  into  H  shallow  Irn.irn  di-h  (A. 

187.  vii'iisly  cleaned  from  all  grease  by  boiling  a  little 

solu:  ::ish    in    it.      Place  itl    th.-    soldi 

smaller  leaden  dish  (B)  (en;  d  in 

atne  way,  and  furnished   with  a  copper  wire 

Cut  off  the  neck  of  a  Florence  flask  (1 
ing  with  a  file,  and 
red-hot  iron),  clean  it  !>\  i  .oiling  a  little  potash  in  it, 
rinse  it  in  water,  and  attach  it  to  a  string,  so  that  it  may  be  suspended,  in  an  in- 

tion,  upon  a  stand. 

When  ihe  temperature  of  the  solution  of  sal  ammoniac  has  fallen  to  nearly  9< 
P.,  fill   the  Floreno-  flji-k    with    witter    in    tin-    pii.-umat ic    trough,  and 
water  bv  chlorine,  passed  up  from  a  gas  bottle  free  from  grease.     Close  the  flask 
with  a  watch-ela**  placed  under  the  orifice,  and  suspend  it  by  the  string  from  a 

•t«i  1X8).  •«  that  its  mouth  may  he 

188.  about  an  inch  below  the  surface  of  th. 

tion  of  sal  ammoniac,  and   in 

'  the  small  leaden  di-:. 

the  watch-glass,  and  let  the  whole  arrange- 
in. -nt  I 

no  harm.     The  solution  will  soon  h< 
absorb  the  chlorine  and  to  rise  in  the  flask, 
whilst   yellow   oilv  globule*    form   up«.n    its 
surface,  occasionally  coll e<  tint:  into  a  larger 
one,  which  la  IK  through  the  solution  into  tin- 
small  leaden    i  >ii       \\  !,.  i.  '  nearly 
filled  with  the  solution,  which   will   r.  . 
about  twenty  minute*,  gently  raise  the  : 

from  a  distm  'king  the  string  with  a  wire  at  the  end  of  a  long  »ti- 

allow  tl  to  flow  gently  out  of  it  into  tl  i  flask  at 

a  safe  •:  •'"•re  should  be  any  rhlorid-  ..--n  ."till  rlinu'ing  toil. 

Examine  the  leaden  dishes  to  see  where  the  oi  M  have  fallen,  liftinr;  out  the 

smaller  dish  by  hooking  its  wire  handle  with  a  i  ...hulcs 

i   safe  distance  with   a  -tick  dipp.-d  in  turpentine.     A  good  ex: 
•he  solution  up  M  •     :.  and  will  raine  a  lari:  inch.-s 

air,  indentinu  it  deeply  at  the  seat  of  th«- 

d  of  preparing  the  chloride,  wh<  •  desired  to 

closely,  but  merely  to  witness  the  ext.l  -\\  sal  an. 

with  s<  ypochlorous  acid  ;  but  as  this  does  n  vessel, 

and  mu*t  I-  1  in  glass  or  porcelain,  th  .••uhl  be.  routine- 

in  the  operator, Teat  he  be  wounded  by  the  frai:  lie  vessel. 

•   grains  of  red  oxide  of  mercury  are  \  •  n  into 

a  |  with  \  <>r. 

\m.  The  stopper  is  replaced,  and  the  bottle  •.•  :  the 

;  < -ca-i'-nui;  .Mime   U   absorbed. 

Solution  lered     !>-•• 

residual  oxyd 

^l^^A          g'aM  (Pig.  1^                       \ip  of  -.a!  arum.  •                                             .  ti-  is 

•••^•^       i:  ;uid  'I..-  'j!:i--    i-                   D  a  safe 

.  ition  where  the  .  •.  ,r'n       AM- -r  the  lapse  of 

tw-  -i^en  may  be  exp 

.   hinir    it  with  a 

be  shall*  red   into  very  mm  1 1  fragments,  an  .  will   he  cafer  behind  a 

screen,  unless  |  :                    a  fencing-mask  and  1  vei. 
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122.  Aqua  Regia. — This  name  has  been  bestowed  upon  the  mixture 
of  (1  measure  of)  nitric,  and  (3  measures  of)  hydrochloric  acid  (nitro- 
muriatic  acid)  which  is  employed  for  dissolving  gold,   platinum,  and 
other  metals  which  are  not  soluble  in  the  separate  acids.     If  a  little 
gold  leaf  be  placed  in  hydrochloric  and  nitric  acids  contained  in  sepa- 
rate glasses,  the  metal  will  remain  unaffected  even  on   warming  the 
acids,  but  if  the  contents  of  the  glasses  be  mixed,  the  gold  will  be  im- 
mediately dissolved  by  the  chlorine  which  is  liberated  in  the  action  of 
the  acids  upon  each  other. 

HN03     +     3HC1    =     2H20     +     NOC1,     +     Cl. 

Chloronitric  gas. 

The  chloronitric  gas  which  is  formed  does  not  act  upon  the  gold,  but  is 
evolved  as  a  red  gas,  condensable  in  a  freezing  mixture  to  a  dark-red 
liquid.  It  has  a  very  peculiar  odor,  and  is  decomposed  by  contact  with 
water  into  hydrochloric  acid  and  nitric  peroxide : 

NOC12     +     H20     =    2HC1     +     N02. 

A  similar,  though  somewhat  less  volatile  substance,  called  chloronitrous 
gas,  and  having  the  formula  XOC1,  is  produced  b}7  mixing  2  volumes  of 
nitric  oxide  with  1  volume  of  chlorine;  it  condenses  to  a  red  liquid  at 
0°  F. ;  it  is  also  produced  in  small  quantity  by  the  action  of  hydro- 
chloric acid  on  nitric  acid:  HN03  +  3HC1  =  2H2O  +  NOC1  +  C12. 

BROMINE. 

Br  =  80  parts  by  weight. 

123.  It  generally  happens  that  elements  between  which  any  strong 
family  likeness  exists  are  found  associated  in  nature.     This  remark  par- 
ticularly applies  to  the  three  elements,  chlorine,  bromine,  and  iodine,  all 
of  which  are  found  in  sea-water,  though  the  first  predominates  to  such  an 
extent  that  the  others  for  a  long  time  escaped  notice.     Bromine  was 
brought  to  light  in  the  year  1826  by  Balard  in  the  examination  of  bit- 
tern, which  is  the  liquid  remaining  after  the  chloride  of  sodium  and 
some  other  salts  have  been  made  to  crystallize  by  evaporating  sea-water, 
which  contains  only  about  one  grain  of  bromine  per  gallon,  in  the  forms 
of  bromide  of  magnesium  and  bromide  of  sodium.     It  is  also  extracted 
from  the  waters  of  certain  mineral  springs,  as  those  of  Kreuznach  and 
Kissingen,  which  contain  much  larger  quantities  of  bromine,  either  as 
bromide  of  potassium,  or  of  sodium,  or  magnesium.     During  the  last 
few  years,  much  bromine  has  been  obtained  from  the  mother-liquors  of 
the  salt-works  at   Stassfurth,  and  from   saline  springs  in  the  United 
States. 

In  extracting  the  bromine  from  these  waters,  advantage  is  taken  of 
the  circumstance  that  chlorine  is  capable  of  displacing  bromine  from  its 
combinations  with  the  metals.  After  most  of  the  other  salts,  such  as 
chloride  of  sodium,  sulphate  of  soda,  and  sulphate  of  magnesia,  which  are 
less  soluble  than  the  bromides,  have  been  separated  from  the  water  by 
evaporation  and  crystallization,  the  remaining  liquid  is  subjected  to  the 
action  of  chlorine  gas,  when  it  acquires  an  orange  color,  due  to  the 
liberation  of  the  bromine :  KBr  +  01  =  KC1  +  Br.  The  bromine 
thus  set  free  exists  now  diffused  through  a  large  volume  of  water,  which 
cannot  be  separated  from  it  in  the  usual  way  by  evaporation,  because 
bromine  is  itself  very  volatile.  An  ingenious  expedient  is  therefore 
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lakini:  the  orange  liquid  briskly  with  ether.  which  has  a 

mine  than  i-  possessed  b\  water.  :in<i 

fore  a>  I  t'r<>in  the  aqueous  solution  Iocs  not  mix  t» 

.t    \\iih    waler.it    now  rises  to   1  the  liquid, 

forminur  a  n  beautiful  orange  col,  ,r.  due  to  tin-    bromine.  which 

it    hoMt    in  'solution.      This    orange    l:iv«-:  I.   and 

shaken  with  M.lutii-!  h.  which  immediateU  •  dcst  i..\  -  t  he  «•• 

removing  tin1  bromine.  Iravinir  tin-  ether  to  rise  to  tin-  surfa.-e  in  a  j.  un- 

lit   t«.  be   employed  for   abstracting  tin-   bromine  I'M.  MI 

portion   of  the  \\aU-r.      'I  ii   of  tin-   bruinine    upon  pnta-h    i-  pre- 

Minilai-  to  that  of  chlorine  : 

•••Klin    +    Br.    =    5KBr    +    KBrO,    +    3H,0. 

Bn..,  ,t,.of 

polamiuro.  poUsh. 

After  the  solution  <»f  potash  has  been  several  tiin«-s  >hak«-n  \\ith  the 
ethen-al  solution  i.f  bromine,  and  has  become  highly  ehar«,re«l  with  this 
element,  it  is  evaporated  so  as  to  expel  the  water,  muring  a  --  li-l  i«  -i 

utainiiiLT  '!'*•  bromide  of  p<»tassium  and  broin  :i>h.     This 

saline  mass  is  strongly  heated  to  decompose  the  bn-u,  ate  of  potash,  and 
.t  it  into  bromide  of  potassium      Kl.rO,  =  KHr  4-  Or 
•u  this  salt  the  bromine  i>  extracted    by  di*tillin«r  it  with  bii 
of  m-in-aiM-r  and  Milpluirie  acid,  \\hcit  the  poiM--iuni  i-  oxidi/.-.l  at  the 
the  binoxidc  of  manganese,  and  the  bromine  is  liberated  :ind 
iii  a  receiver  kept  cool  by  ieed  water  — 


M,,n,      .>(II/).SOs)  =  K,O.SO,-f  MnO.SO,  -r  2H,O  - 


The   aspect  of  th.-  M>pfOdooed    is  totally  ditlen-nt   IV..  in    that 

other  element,  for  it  distils  over  in  the  liquid  condition,  and  ple- 

nary temperature*,  heini:  '!'«•   "idy   liipiid   non- 

metallic   element.      It-   dark    led  brown    color,   and   tin-   pceu. 

co|,,r  of  t|u.  vaj.or  which  it  exhales  continually,  are  also  little; 

bnt.alove   all.  its   ,  At  i  'a-  .rd  i  i.ai  \   and    disa^n-eable   odor,   from  which    it 

),  leaves  nodoubt  of  its  id.  'iitit\.     The 

odor  has  some  slight  resemblance  to  that  of  chlorine,  but  is  far  more 
intolerable.  v»ng  rise  to  great  pain,  and  sometimes  e\eii  to  bleed- 

ihe  nose. 

I.i«|iiid  1'i-omine  is  thrice  as  heavy  a^  •  i.  and  boils  at 

145°   K..   \ieldin_i:  a  vapor  "».*.  times  as  hen 

at  —  12°     1  lid       It 

times  its  uei-ht  of  ,-old  wmtei  to   dtotolvc  it.  and    is  capable  of  forming 

•alline  I,-.  .ii,,.r  to  h\dratr  of  chlorine. 

In    its   }.'.  power,  its  aptitude   for  n.  ami   its 

•  •hemieai  chat  |j  reMBiblei  cbloi  loeely, 

I.   that    it    is   dillicult  to  distinguish,   in    many   ca-  n   the 

compounds  of  (lil  bromine  with   oth. 

-    be    [tolafc  '  -.-ijuenee 

•'  bromine.  linOC  the 

f:ir  IIP  liloiim-  fulfils  nearly  all    the    pir  \\hich  bro- 

nii-ht    otherwise  be  applied.      In  the  and    ph- 

•    bromine  ha\e  be.-i,  dis. 

B  determination 

illuininatiiii:  h\  di  t  loMi  pie- 

It   has  M:  in    America  as  a  djsin!. 

b  of  potasium   and   ammonium    are  fi  e.juently  cmpl< 
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medicine.  In  the  composition  of  their  compounds,  chlorine  and  bro- 
mine exhibit  great  analogy. 

Hypobromous  acid  has  been  obtained  in  solution  by  shaking  oxide  of 
mercury  with  water  and  bromine.  The  solution  is  very  unstable,  de- 
composing, especially  when  heated,  with  liberation  of  bromine  and  for- 
mation of  bromic  acid.  The  action  of  bromine  upon  diluted  solutions 
of  the  alkalies,  and  upon  the  alkaline  earths,  produces  bleaching  liquids 
similar  to  those  formed  by  chlorine. 

Bromic  acid  (HBr03)  can  be  prepared  in  a  similar  manner  to  chloric 
acid,  to  which  it  has  a  great  general  resemblance,  the  bromates  being 
also  similar  to  chlorates. 

124.  Hydrobromic  Acid  (HBr  =81  parts  by  weight  =  2  vols.).  —  The 
inferiority  of  bromine  to  chlorine  in  chemical  energy  is  well  exemplified 
in  its  relations  to  hydrogen,  for  the  vapor  of  bromine  mixed  with  hydro- 
gen will  not  explode  under  the  action  of  flame  or  of  the  electric  spark, 
like  the  mixture  of  chlorine  and  hydrogen.  Direct  combination  may, 
however,  be  slowly  induced  by  contact  with  heated  platinum. 

When  it  is  attempted  to  prepare  this  acid  by  distilling  bromide  of 
sodium  or  potassium  with  sulphuric  acid  (as  in  the  preparation  of  hydro- 
chloric acid),  the  inferior  stability  of  hydrobromic  acid  is  shown  by  the 
decomposition  of  a  part  of  it,  the  hydrogen  being  oxidized  by  the  sul- 
phuric acid,  and  the  bromine  set  free;  2HBr+H2O.SO.i=2H2O+SO2+Br,. 

If  a  strong  solution  of  phosphoric  acid  be  employed  instead  of  the 
sulphuric,  pure  l^drobromic  acid  may  be  obtained. 

But  the  most  instructive  method  of  obtaining  hydrobromic  acid  con- 
sists in  attacking  water  with  bromine  and  phosphorus  simultaneously, 
when  the  phosphorus  takes  the  oxygen  of  the  water,  forming  phos- 
phorous acid,  and  the  bromine  combines  with  the  hydrogen  to  form 
hydrobromic  acid  — 


6H20 


Br6   +    P2   =   3H20.  P203 
Hvdratea 

phosphorous  acid. 


6HBr. 


Probably  bromide  of  phosphorus  (PBr3)  is  formed  as  an  intermediate 
stage. 

The  experiment  may  be  made  in  a  W-  formed  tube  (Fig.  190),  one  bend  of  which 
contains  40  grains  of  phosphorus  in  fragments  intermingled  with  glass  moistened 
with  water,  whilst  the  other  bend  contains  240  grains 

of  bromine  (about  one  drachm).     This  limh  of  the  FK;.  190. 

tube  is  corked,  and  the  other  furnished  with  a  de- 
livery tube,  so  that  the  gas  may  be  collected  either 
by  downward  displacement  or  over  mercury.  The 
bromine  is  slightly  heated,  when  it  distils  over  to 
the  moist  phosphorus,  and  hydrobromic  acid  is 
evolved.  A  moderate  heat  should  afterwards  be 
applied  to  the  moist  glass,  to  expel  part  of  the  hydro- 
bromic acid  from  the  water. 

Hydrobromic  acid  is  very  similar  to  hydro- 
chloric acid  ;  it  liquefies  at  —  92°  F.,  and  has 
been  solidified  by  a  still  lower  temperature, 
which  is  not  the  case  with  hydrochloric  acid. 
Like  that  gas  it  is  very  soluble  in  water,  and 

the  solution  acts  upon  metals  and  their  oxides  in  the  same  manner  as 
hydrochloric  acid.  Chlorine  removes  the  hydrogen  from  hydrobromic 
acid,  liberating  bromine,  which  it  converts  into  chloride  of  bromine  if 
employed  in  excess. 


Preparation  of  hydrobromic  acid. 
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'•a  ha*  been  obtained    by  tin-   action  of  brom 
potassium  upon  chloride  of  nitrogen,  which  it  reseml  neral  char- 

liee. 

ifl  yellow    liquid  of  pungent   odor. 

Its  coi  i-   not   certainly   known.      That    chlorine   should    unite 

directly  with  bromine,  which  it  so  much  resemble-  in  chemical  ehai 
illustrates  its  gnat   tendency  to  direct  chemical  combination. 

IOMM:. 

I  =  127  parU  by  weight. 

125.  Iodine  is  contained  in  sea-water  in  even  smaller  quantity  than 
bromine,  but  the  iodide  of  sodium  appears  to  constitute  a  |n.rtion  »i'  the 
necessary  food  o!  certain  varieties  of  sea-weed,  which  extract  it  from 
the  sea-  water,  nn«l  concentrate  it  in  their  tissues.  Tin-  a-h  remaining 
after  sea-weed  has  l.cen  burnt  was  long  used,  under  the  name  of  /  .  ///.  in 
soapmak  ing,  because  it  contains  a  considerable  quantity  of  carbonate 
of  soda:  and  in  the  year  1*11.  Cmirtois.  a  soapboiler  of  I'aris.  being 
engaged  in  the  manufacture  of  soda  IV.  -m  kelp,  obtained  fr-.m  the  waste 

liquors  a  sub-t  ancc  which  po--e--ed  properties  different   fp-m  ti. 

:  in  of  matter  with  which  h.  .ainti-d.     He  t  ran«.f.-rred  it  to 

iich   cheini>t.  Clement,  who  satisfied   himself  that    it    \\a-  really  a 
new  substance,  a  ii  'I  •  ^ac  and  I>avy  having  examined  it  -till  more 

closely,  it  to.,k  it-  rank  amoiiur  th«-  non-metallic  eh-meiitary  snl^t- 
under  the   name  of  iodii  /),  conf.-rn-d    upon    it     in 

.illusion  to  the  mairnilicent  violet  c..l..r  of  its  vap»r. 

This    hi-tory  of  the  di>cov«-ry  of  jo.  I  If  a  very  instruct  ive  ex- 

ample of  the  advantage  of  trainin.  aijed  in  manufactures  to 

•"•eiirate  observation,   and.   if  pos-iMc.  of  accurate   chemical 
ation:    for  had    Couiloi^  pa--ed   over  this  new  -nip-tan 
d.-ntal.  oj  -..f  no  consequence,  the   community  would   ha\c    h.-i.  at   least 
for  80I1U'  time,  the  hem-fits  derived  from  the  discovery  fi 

•irs    the    new    element    was   only    known    as    a    chemical 
ciiriosit\.  I,  in  an  iinex|'"eted  demand  for  it  at    length   arose  on  the   part 

!i.  for  it  had   been  found  that  the  eMicacy  of  the  a- 
.  which  had  1  u-ed  in  -..me  particular  niahnli- 

to   the   small    quantity   of  inline    which    they  contained,  and    it    I 
Course,  thought  d»-iral.lc  to  place  tin-  r.-inedv  in  the  hand-  of  the  medi- 
cal profession  in  a  purer   form  than  the  a-ii  <»f  Bpon;  it  is  asso- 

liiu 


with    Nery   larL'c  quantities  ••!'  \ari«»us  -aliiu-   -iil>-t  am-es.      Much 
more   recently  the   demand    for  this   element    has   greatly   increased,  on 

it  in  |ihotoM|-:i|ihy.  and  iar-^c  quantities  ot 
annually  pro,|n,-ed  tV..in  kelp,  the  collection  and  burning  of  whi«-h  I 

be  very  poor   in  ha'1  i*ts  of 

Irda:.  iland.  who  would  otherwise  have  been  thn-wn  out  of  work 

•      in  to  be  manufactured  from  common  -alt.  and  the  demand 

'that  alkali  had  ceased.     The  sea-  weed  is  - 

.  and  burnt   in  shal.  >\\  a  tenq  —  ible. 

for  the  i.»i  and  lost   if  the  tcmpera- 

.  \\  hich  is  left  in  a  half  t  .  i-  bn-ken 

•ed    with    hot  water,  which   dissohe-  about    half 

I    sulphate  of  lime. 
The  whole  of  the   iodide  of  sodium  is  contained    in  the  por- 

.  '•  M*-VMd  U  I.  M  red  and  not  Incinerated,  M  M  to  aroid  IOM  of  iodine. 
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FIG.  191. 


tion  dissolved  by  the  water,  but  is  mixed  with  much  larger  quantities  of 

sulphate  of  soda,  carbonate  of  soda,  chloride  of  potassium,  hyposulphite 

of  soda,  and  sulphide  of  sodium.     A  portion  of  the  water'is  expelled 

by  evaporation,  when  the  sul- 

phate of  soda,   carbonate  of 

soda,  and  chloride  of  potas- 

sium, being   far  less  soluble 

than    the    iodide  of    sodium, 

crystallize  out.     In  order  to 

decompose   the    hyposulphite 

of  soda  and   the  sulphide   of 

sodium,   the   liquid  is  mixed 

with  an  eighth  of  its  bulk  of 

oil  of   vitriol,   which    decom- 

poses   these    salts,    evolving 

sulphurous  and  hydrosulphu- 

ric    acid,   with    deposition  of 

sulphur,    and     forming     sul- 

phate of  soda,  which  is   de- 

posited in  crystals.  The  liquor 

thus  prepared  is  next  mixed 

with  binoxide  of  manganese.  Extraction  of  iodine. 

and  heated  in  a  leaden  retort 

(Pig.  191),  placed  in  a  sand-bath,  when  the  iodine  is  evolved  as  a  mag- 

nificent purple  vapor,  which  condenses  in  the  globular  glass  receivers  in 

the  form  of  dark-gray  scales  with  metallic  lustre,  and  having  considera- 

ble resemblance  to  black  lead.    The  liberation  of  the  iodine  is  explained 

by  the  following  equation  — 


2XaI  +  Mn02  +  2(H2O.S03)  =  Na2O.S03  +  MnO.S03 


2H20 


The  'distillation  is  conducted  at  a  temperature  below  212°,  to  avoid 
the  liberation  of  chlorine  from  the  chloride  of  sodium,  and  the  conse- 
quent formation  of  chloride  of  iodine. 

Several  processes  have  been  devised  to  render  the  extraction  of  the  iodine  from 
the  concentrated  solution  of  kelp  easier  and  more  economical.  The  most  promising 
is  very  similar  to  that  employed  for  separating  bromine  (p.  205).  The  iodine  is 
liberated  by  chlorine,  and  extracted  from  the  liquid  by  shaking  it  with  benzole;  by 
treating  the  benzole  with  solution  of  potash,  the  iodine  is  converted  into  a  mixture 
of  iodide  of  potassium  and  iodate  of  potash,  from  which  the  iodine  may  be  precipi- 
tated by  acidifying  with  hydrochloric  acid. 


5K1 


6KHO 


I6    :   :     5KI     4-     KI03     -f     3H2O 


KI03     +     6HC1     =     6KC1 


3HO 


I. 


The  features  of  this  element  are  extremely  well  marked  ;  its  metallic 
lustre  and  peculiar  odor  sufficiently  distinguish  it  from  all  others,  and 
the  effect  of  heat  upon  it  is  very  striking,  in  first  easily  fusing  it  (at  225° 
F.),  and  afterwards  converting  it  (boiling-point,  347°  P.)  into  the  most 
exquisitely  purple  vapor,  which  is  nearly  nine  times  as  heavy  as  air  (sp. 
gr.  8.72),  and  condenses  upon  a  cool  surface  in  shining  scales.  It  stains 
the  skin  intensely  brown  if  handled.  The  specific  gravity  of  solid  iodine 
is  4.95. 

When  iodine  is  shaken  with  cold  water  a  very  small  quantity  is  dis- 
solved, forming  a  light  brown  solution,  which  decomposes  slowly  at  the 
ordinary  temperature,  the  iodine  combining  with  the  hydrogen  of  the 

14 
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These  changes  of  color  are  attended  by  an  alteration  in  crystalline  form,  but  not 
in  the  chemical  composition  of  the  iodide  of  mercury.  This  iodide  is  used  in 
painting  under  the  name  of  pure  scarlet  or  iodine  scarlet,  but  the  color  is  not 
durable. 

Iodide  of  lead  has  a  bright  yellow  color,  as  may  be  seen  by  precipitating  iodide 
of  potassium  with  a  solution  of  acetate  of  lead.  The  precipitate  is  dissolved  by 
boiling  with  water  (especially  on  adding  a  little  hydrochloric  acid),  forming  a 
colorless  solution,  from  which  the  iodide  of  lead  crystallizes  in  very  brilliant  golden 
scales  on  cooling.  Iodide  of  silver  is  produced  as  a  yellow  precipitate  when  nitrate 
of  silver  is  added  to  iodide  of  potassium.  The  bromide  and  chloride  of  silver  would 
form  white  precipitates. 

126.  Oxides  of  Iodine. — Although  the  compound  I./),  corresponding 
to  hypochlorous  acid,  is  believed  to  exist,  it  has  never  yet  been  obtained 
in  a  separate  state,  the  only  known  oxides  of  iodine  being  iodic  acid 
(I205)  and  periodic  acid  (I2O7?)  which  has  only  been  obtained  in  the 
hydrated  state. 

Iodic  Acid. — It  is  most  easily  prepared  by  boiling  iodine  with  the 
strongest  nitric  acid  in  a  long-necked  flask,  when  it  is  dissolved  in  the 
form  of  iodic  acid,  which  is  left  on  evaporating  the  nitric  acid  as  a  white 
mass.  This  may  be  purified  by  dissolving  in  water  and  crystallizing, 
when  the  iodic  acid  forms  white  hexagonal  tables,  which  have  the  com- 
position H2O.I205.2Aq.  Heated  to  2G(>°  F.,  they  become  H2O.I205,  and 
at  360°  P.  the  whole  of  the  water  is  expelled,  leaving  anhydrous  iodic 
acid,  which  is  decomposed  at  about  700°  F.  into  iodine  and  oxygen. 
The  anhydrous  iodic  acid  oxidizes  combustible  bodies,  but  not  with  any 
great  violence.  The  hydrate  is  far  more  stable  than  the  hydrated 
chloric  and  bromic  acids.  Its  solution  first  reddens  litmus-paper,  and 
afterwards  bleaches  it  by  oxidation.  Its  salts,  the  iodates,  are  less 
easily  soluble  in  water  than  the  chlorates  and  bromates,  which  they 
resemble  in  their  oxidizing  action  upon  combustible  bodies.  They  are 
all  decomposed  by  heat,  evolving  oxygen,  and  sometimes  even  iodine, 
showing  how  much  inferior  this  element  is  to  chlorine  and  bromine  in 
its  attraction  for  metals. 

It  is  a  remarkable  feature  of  the  iodates  that  some  of  them  contain 
two  or  even  three  molecules  of  iodic  acid  to  one  of  base.  Thus  there  are 
three  iodates  of  potash,  K2O.I2O5  (or  KI03)  K20.2I2O5,  and  K20.3I,O5. 
No  such  compounds  are  known  in  the  cases  of  chloric  and  bromic  acids. 

Periodic  acid  is  obtained  from  the  basic  periodate  of  soda,  farmed  by  passing 
chlorine  through  a  mixture  of  iodate  of  soda  and  free  soda,  when  the  latter  is  decom- 
posed, its  sodium  being  abstracted  by  the  chlorine,  whilst  its  oxygen  converts  the 
iodic  acid  into  periodic  acid. 

Na.2O.I205  +  3Na2O  +  C14  =  2Na2O.I2O7  +  4NaCl. 
Basic  periodate  of 
soda. 

This  periodate  of  soda  is  deposited,  being  sparingly  soluble  in  water,  a  most 
unusual  circumstance  with  salts  of  soda.  By  dissolving  it  in  nitric  acid,  and  adding 
nitrate  of  silver,  a  basic  periodate  of  silver  is  obtained,  which  is  yellow  when  pre- 
cipitated from  cold,  and  red  from  hot  solutions — 

2Na2O.I207  +  4(AgN03)  =  2Ag2O.I9O7  +  4(NaNO3). 
Ba8lC  PsnvSl"te  °f    ^trate  of  soda. 

When  the  silver  salt  is  dissolved  in  nitric  acid,  it  is  decomposed  into  nitrate  of 
silver,  which  remains  in  solution,  and  neutral  periodate  of  silver,  which  is  deposited 
in  crystals — 

2Ag2O.I./)7  +  HaO.N206  =  Ag2O.I207  +  Ag2O.N205  +  H2O. 
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The  action  of  hjdriodic  acid  upon  the  nietals  and  their  oxides  is  gen- 
erally similar  to  that  of  the  other  hydrogen  acids. 

When  potassium  is  heated  in  a  measured  volume  of  hydriodic  acid, 
the  iodine  is  removed,  and  the  hydrogen  occupies  half  the  original  vol- 
ume. Hence  1  volume  of  hydrogen  is  combined  with  1  volume  of  iodine 
vapor  in  2  volumes  of  hydriodic  acid. 

Like  chlorine  and  bromine,  iodine  is  capable  of  displacing  hydrogen 
from  many  organic  compounds,  and  of  taking  its  place,  but  its  action  in 
this  respect  is  much  feebler.  The  circumstance  that  the  organic  com- 
pounds containing  iodine  are  generally  much  less  volatile,  and  therefore 
more  manageable  than  those  of  chlorine  and  bromine,  leads  to  the  exten- 
sive employment  of  this  element  in  researches  upon  organic  substances. 

With  olefiant  gas,  iodine  forms  a  crystalline  solid  compound  (C21I4I2) 
corresponding  to  Dutch  liquid  (p.  125),  and  from  this  compound  a  yellow 
unstable  aromatic  liquid  has  been  obtained,  which  is  believed  to  be  an 
iodide  of  carbon. 

128.  Iodide  of  Nitrogen. — The  action  of  chlorine,  bromine,  and  iodine 
upon  ammonia,  exemplifies  the  difference  in  their  attraction  for  hydro- 
gen ;  for  whilst  chlorine  and  bromine,  acting  upon  ammonia,  cause  the 
liberation  of  a  certain  amount  of  nitrogen,  iodine  simply  removes  two- 
thirds  of  the  hydrogen,  and  itself  fills  up  the  vacancies  thus  occasioned, 
no  nitrogen  being  liberated,  NH3  +  I4  =  NHI2  +  2H1 ;  the  hydriodic 
acid  thus  formed  combining  with  more  ammonia  to  form  hydriodate  of 
ammonia. 

To  prepare  the  iodide  of  nitrogen,  20  grains  of  iodine  are  rubbed  to  powder  in  a 
mortar  and  mixed  with  half  an  ounce  (measured)  of  strong  ammonia;  the  mortar 
is  covered  with  a  glass  plate,  and  after  about  half  an  hour  the  iodide  of  nitrogen  is 
collected  in  separate'  portions  upon  four  filters,  which  are  allowed  to  drain  and 
spread  out  to  dry.  The  brown  solution  contains  iodine  dissolved  in  hydriodate  of 
ammonia. 

The  iodide  is  a  black  powder,  which  explodes  with  a  loud  report  even 
when  touched  with  a  feather,  emitting  fumes  of  hydriodic  acid  and 
purple  vapor  of  iodine ;  its  explosion  is  probably  represented  by  the 
equation — 

NHI2  =  N  +  HI  -f-  I, 

its  violence  being  accounted  for  by  the  sudden  evolution  of  a  large  vol- 
ume of  gas  and  vapor  from  a  small  volume  of  solid.  Even  when  allowed 
to  fall  from  the  height  of  a  few  feet  upon  the  surface  of  water,  it  ex- 
plodes if  perfectly  dry.  In  the  moist  state  it  slowly  undergoes  decom- 
position. 

129.  Iodine  forms  two  compounds  with  chlorine,  the  protochloride  of 
iodine  (IC1)  and  the  terchloride  (IC13).     The  former  is  a  brown  volatile 
liquid  of  irritating  odor,  obtained  by  distilling  1  part  of  iodine  with  4 
parts  of  chlorate  of  potash. 

The  terchloride  forms  fine  red  needle-like  crystals,  and  is  produced 
when  iodine  is  acted  upon  with  an  excess  of  chlorine.  Bromides  of 
iodine  have  also  been  obtained,  but  their  composition  is  not  well  known. 

130.  Iodide  of  Potassium  (KI  =  166  parts  by  weight).— This  salt  is 
the  most  useful  compound  of  iodine,  being  largely  employed  in  medicine 
and  in  photography.     It  is  generally  prepared  by  decomposing  iodide 
of  iron  with  carbonate  of  potash. 

The  iodide  of  iron  (also  a  useful  medicine)  is  made  by  placing  two 
parts  of  iodine  in  contact  with  one  part  of  iron  filings  and  ten  parts  of 
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tightly  into  a  leaden  condensing-tube,  cooled  in  a  mixture  of  ice  and 
salt,  a  colorless  liquid  distils  over,  and  the  residue  in  the  retort  is  found 
to  consist  of  sulphate  of  lime — l 

CaF2     +     H/).S03  =  CaO.S03    +     2HF. 

Fluoride  of  Sulphate  of  lime.        Hydrofluoric 

calcium.  acid. 

The  colorless  liquid  (hydrofluoric  acid)  possesses  most  remarkable 
properties  ;  it  is  powerfully  acid,  fumes  strongly  in  the  air,  and  has  a 
most  pungent  irritating  odor.  If  the  air  is  at  all  warm  the  liquid  begins 
to  boil  when  taken  out  of  the  freezing  mixture,  and  is  soon  entirely  dis- 
sipated in  vapor  (boiling  point,  60°  F.).  Should  the  operator  have  the 
misfortune  to  allow  a  drop  to  fall  upon  his  hand,  it  will  produce  a  very 
painful  sore,  even  its  vapor  producing  pain  under  the  finger  nails.  Its 
attraction  for  water  is  so  great,  that  the  acid  hisses  like  red-hot  iron 
when  brought  in  contact  with  it.  But  its  most  surprising  property  is 
that  of  rapidly  corroding  glass,  which  has  already  been  alluded  to  as 
noticed  b}'  Margraf.  Experiment  soon  proved  that  great  analogy  existed 
between  the  properties  of  this  new  acid  and  those  of  hydrochloric  acid  ; 
and  Ampere  was  led  to  institute  a  comparison  between  them,  which 
caused  him  to  adopt  the  opinion  that  the  acid  was  a  hydrogen  acid,  con- 
taining a  new  salt  radical  which  he  named  fluorine  ;  the  name  of  the  acid 
was  then  changed  from  fluoric  to  hydrofluoric  acid. 

This  liquid  has  since  been  proved  to  be  a  solution  of  hydrofluoric  acid 
in  water,  for  if  it  be  distilled  with  anhydrous  phosphoric  acid,  which 
retains  the  water,  it  evolves  hydrofluoric  acid  gas,  which  resembles 
hydrochloric  acid  gas  in  fuming  strongly  on  contact  with  moist  air,  and 
being  eagerly  absorbed  by  water,  but  has  a  far  more  pungent  odor. 
The  perfectly  dry  gas  has  very  little  action  upon  glass. 

Pure  hydrofluoric  acid  is  prepared  by  heating  dry  liydrofluate  of 
potassium  (KF.HF)  to  redness  in  a  platinum  apparatus.  It  is  then  ob- 
tained as  a  colorless  liquid  which  boils  at  67°  F.  and  has  the  specific 
gravity  0.988  at  55°  F.  The  pure  acid  scarcely  affects  metals,  excepting 
potassium  and  sodium.  It  corrodes  glass,  however,  rapidly,  though  its 
vapor  has  little  action  on  glass  unless  moisture  is  present.  It  combines 
eagerly  with  anhydrous  sulphuric  and  phosphoric  acids,  with  great 
evolution  of  heat,  a  circumstance  in  which  it  resembles  water,  and  differs 
altogether  from  its  more  obvious  analogue,  hydrochloric  acid.  It  is  also 
found  that  it  combines  energetically  with  the  fluorides  of  potassium  and 
sodium,  precisely  as  water  combines  with  the  oxides  of  those  metals, 
whilst  nothing  of  the  kind  is  noticed  in  the  case  of  hydrochloric  acid. 

It  is  remarkable  that  the  solution  of  hydrofluoric  acid,  in  its  concen- 
trated form,  is  not  so  heavy  as  a  somewhat  weaker  acid.  Thus,  the  acid 
of  sp.  gr.  1.06  acquires  the  sp.  gr.  1.15  on  addition  of  a  little  water,  but 
on  adding  more  water  its  sp.  gr.  is  again  reduced.  It  would  hence  ap- 
pear that  the  acid  of  1.15  is  a  definite  hydrate  of  hydrofluoric  acid  ;  its 
composition  corresponds  to  HF. 211,0.  It  distils  unchanged  at  248°  F. 
The  solution  is  generally  kept  in  bottles  made  of  gutta-percha. 

The  action  of  hydrofluoric  acid  upon  metals  and  their  oxides  resem- 
bles that  of  hydrochloric  acid.  It  dissolves  all  ordinary  metals  except 
gold,  platinum,  silver,  mercury,  and  lead.  Strange  to  say,  it  has  but 
little  action  on  magnesium. 

1  The  mineral  kryolite  (fluoride  of  aluminum  and  sodium)  may  be  advantageously  substituted  for 
fluor  spar,  beinu  more  easily  obtained  in  a  pure  state.  For  preparing  the  acid  on  a  large  scale,  iron 
retorts  are  employed. 
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soda.  The  topaz  contains  fluorine,  but  in  what  form  of  combination  is 
not  well  known ;  its  other  constituents  are  alumina  and  silica. 

Fluorides  are  also  found,  though  in  very  small  quantity,  in  sea-water, 
and  they  have  been  discovered  in  plants  and  animals.  Human  bone 
contains  about  2  per  cent  of  fluoride  of  calcium. 

It  will  be  remembered  that  fluorine  is  the  only  element  which  is  not 
known  to  form  any  compound  with  oxygen. 

133.  Fluoride  of  Silicon  (SiF4  —  104  parts  by  weight  =  2  vols.). — 
If  a  mixture  of  powdered  fluor  spar  and  glass  be  heated  in  a  test-tube 
or  small  flask,  with  concentrated  sulphuric  acid,  a  gas  is  evolved  which 
has  a  very  pungent  odor,  and  produces  thick  white  fumes  in  contact 
with  the  air  ;  it  might  at  first  be  mistaken  for  hydrofluoric  acid,  but  if  a 
glass  rod  or  tube  be  moistened  with  water  and  exposed  to  the  gas,  the 
wet  surface  becomes  coated  with  a  white  film,  which  proves  on  examina- 
tion to  be  silicic  acid.  This  result  originated  the  belief  that  the  gas 
consisted  of  fluoric  (now  hydrofluoric)  acid  and  silica,  but  Davy  cor- 
rected this  view  by  showing  that  it  really  contained  no  oxygen,  and 
consisted  solety  of  silicon  and  fluorine.  The  gas  is  now  called  the 
fluoride  of  silicon,  and  represents  silicic  acid  in  which  the  oxygen  has 
been  displaced  by  the  fluorine  ;  the  change  of  places  between  these  two 
elements  in  the  above  experiment  is  represented  by  the  subjoined  equa- 
tion : 

2CaF2  +  SiO,  +  2(HaO.SOs)  =  2(CaO.S03)  +  SiF4  +  2H,0. 

Fluor  Silica.  Sulphuric  acid.  Sulphate  of  lime.      Fluoride  of 

spar.  silicon. 

The  formation  of  the  crust  of  silica  upon  the  wetted  surface  of  the 
glass  is  due  to  a  decomposition  which  takes  place  between  the  fluoride 
of  silicon  and  the  water,  in  which  the  oxygen  and  fluorine  again  change 
places : 

SiF4     +     211,0  Si02    +     4HF. 

Since  this  latter  equation  shows  that  hydrofluoric  acid  is  again  formed, 
it  would  be  expected  that  the  glass  beneath  the  deposit  of  silica  would 
be  found  corroded  by  the  acid;  this,  however,  is  not  the  case,  and  when 
the  experiment  is  repeated  upon  a  somewhat  larger  scale,  so  that  the 
water  which  has  acted  upon  the  gas  may  be  examined,  it  will  be  found 
to  hold  in  solution,  not  hydrofluoric  acid,  but  an  acid  which  does  not 
act  upon  glass,  and  is  composed  of  hydrofluoric  acid  and  fluoride  of 
silicon,  so  that  the  hydrofluoric  acid  produced  when  water  acts  upon  the 
fluoride,  combines  with  a  portion  of  the  latter  to  produce  the  new  acid 
2HF.SiF4,  hydrojluosilicic  acid. 

For  the  preparation  of  fluoride  of  silicon,  1  oz.  of  fluor  spar  and  1  oz.  of  powdered 
glass  are  mixed  together,  and  heated  in  a  Florence  flask,  with  7  oz.  (measured)  of 
oil  of  vitriol,  the  gas  being  collected  in  dry  bottles  by  downward  displacement  (see 
Fig.  177,  p.  186).  If  a  little  of  the  gas  be  poured  from  one  of  the  bottles  into  a 
flask  tilled  up  to  the  neck  with  water,  the  surface  cf  the  latter  will  become  covered 
with  a  layer  of  silica,  so  that  if  the  flask  be  quickly  inverted,  the  water  will  not 
pour  from  it,  and  will  seem  to  have  been  frozen.  In  a  similar  manner,  a  small 
tube  filled  with  water  and  lowered  into  a  bottle  of  the  gas,  will  appear  to  have  been 
fro/en  when  withdrawn.  A  stalactite  of  silica  some  inches  in  length  may  be  ob- 
tained by  allowing  water  to  drip  gently  from  a  pointed  tube  into  a  bottle  of  the 
gas.  Characters  written  on  glass  with  a  wet  brush  are  rendered  opaque  by  pouring 
some  fluoride  of  silicon  upon  them. 

Fluoride  of  silicon  is  a  substance  of  some  importance  in  mineralogical  chemistry, 
since,  by  its  aid,  certain  crystallized  minerals  may  be  artificially  obtained  under 
conditions  which  are  not  unlikely  to  have  attended  the  production  of  the  natural 
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But  if  an  excess  of  potash  be  employed,  a  precipitate  of  gelatinous 
silica  will  be  separated,  fluoride  of  potassium  remaining  in  the  solution — 

2HF.SiF4    +    6KHO    =    6KF    +    4H2O    +    Si02. 

One  of  the  chief  uses  of  hydrofluosilicic  acid  is  to  separate  the  potash 
from  its  combination  with  certain  acids,  in  order  to  obtain  these  in  the 
separate  state. 

135.  Fluoride  of  boron  (BF3)  may  be  prepared  by  a  process  similar 
to  that  employed  for  fluoride  of  silicon,  but  it  is  also  obtained  by  strongly 
heating  a  mixture  of  powdered  anhydrous  boracic  acid  with  twice  its 
weight  of  fluor  spar  in  an  iron  tube — 

3CaF2     +     B203     =     3CaO     +     2BF3. 

The  fluoride  of  boron  is  a  gas  which  fumes  strongly  in  moist  air  like 
the  fluoride  of  silicon.  It  is  absorbed  eagerly  by  water,  witli  evolution 
of  heat.  One  volume  of  water  is  capable  of  dissolving  700  volumes  of 
fluoride  of  boron,  producing  a  corrosive  heavy  liquid  (sp.  gr.  1.17)  which 
fumes  in  air,  and  chars  organic  substances  on  account  of  its  attraction 
for  water.  This  solution  is  known  as  Jluoboric  or  borofluoric  acid,  and 
its  formation  is  explained  by  the  equation — 

2BF3     +     3H20     =     B203.6HF     (Fiuobonc  Add). 

When  the  solution  is  heated,  it  evolves  fluoride  of  boron  until  its 
specific  gravity  is  reduced  to  1.58,  when  it  distils  unchanged. 

Hydrojiuoboric  acid  is  obtained  in  solution  by  adding  a  large  quantity 
of  water  to  fluoboric  acid — 

4(B203.6HF)  =  B203  +   9H20   +  6(HF.BF3)  (Hydroftuobonc Add). 


This  acid  resembles  the  hydrofluosilicic;  its  hydrogen  may  be  ex- 
changed for  metals  to  form  borofluorides. 

136.  General  Review  of  Chlorine,  Bromine,  Iodine,  and  Fluorine. — 
These  four  elements  compose  a  natural  group,  the  members  of  which  are 
connected,  by  the  similarity  of  their  chemical  properties,  far  more 
closely  than  those  of  any  other  group  of  elements.  They  are  usually 
styled  the  halogens  from  their  tendency  to  produce  salts  resembling  sea- 
salt  in  their  composition  (a/s,  the  sea),  and  such  salts  are  called  haloid 
salts.  These  elements  are  also  called  salt-radicals,  from  their  property 
of  forming  salts  by  direct  union  with  the  metals.  Each  of  these  ele- 
ments combines  with  an  equal  volume  of  hydrogen  to  form  an  acid  which 
occupies  the  joint  volumes  of  its  constituents. 

The  equivalent  weights  of  these  elements  also  represent  their  atomic 
weights,  so  that  they  are  decidedly  monatomic  elements. 

The  halogens  also  supply  the  most  prominent  example  of  the  grada- 
tion in  properties  sometimes  observed  among  the  members  of  the  same 
natural  group  of  elements. 

In  the  order  of  their  chemical  energy,  that  is,  of  the  force  with  which 
they  hold  other  elements  in  chemical  combination  with  them,  fluorine 
should  stand  first,  its  combining  energy  being  so  great  as  to  cause  a 
serious  difficulty  in  isolating  it  at  all ;  chlorine  wouli  rank  next,  then 
bromine,  and  iodine  last. 

The  atomic  weights  follow  the  inverse  order  of  their  chemical  energies  : 
fluorine,  19;  chlorine,  35.5;  bromine,  80;  iodine,  127;  numbers  which, 
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of  transparent  yellow  octahedra,  but  more  frequently  in  opaque  amor- 
phous masses.  The  districts  in  which  sulphur  is  found  are  usually  vol- 
canic, and  those  which  border  the  Mediterranean  are  particularly  rich 
in  it.  Sulphur  has  also  been  found  in  Iceland  and  California. 

The  native  sulphur  being  commonly  distributed  in  veins  through 
masses  of  gypsum  and  celestine,  has  to  be  separated  from  these  by  the 
action  of  heat.  When  the  ores  contain  more  than  12  per  cent,  of  sul- 
phur, the  bulk  of  it  is  melted  out,  the  ore  being  thrown  into  rough  fur- 
naces or  caldrons  with  a  little  fuel,  and  smothered  up  with  earth,  so  as 
to  prevent  the  combustion  of  the  sulphur,  which  runs  down  in  the  liquid 
state  to  the  bottom  of  the  caldron,  and  is  drawn  out  into  wooden 
moulds.1  But  when  the  proportion  of  sulphur  is  small,  the  ore  is  heated 
so  as  to  convert  the  sulphur  into  vapor,  which  is  condensed  in  another 
vessel.  The  operation  is  conducted  in  Sicily  in  rows  of  earthen  jars 

FIG.  195. 


Distillation  of  sulphur. 

(A,  Fig.  195),  heated  in  a  long  furnace,  and  provided  with  short  lateral 
pipes,  which  convey  the  sulphur  into  similar  jars  (B)  standing  outside 
the  furnace,  in  which  the  vapor  of  sulphur  condenses  in  the  liquid  state, 
and  flows  out  into  pails  of  water.  The  sulphur  obtained  by  this  process 
is  imported  as  rough  sulphur,  and  contains  3  or  4  per  cent,  of  earthy 

FIG.  196. 


Sulphur  refinery. 

impurities.     In  order  to  separate  these  it  is  redistilled,  in  this  country, 
in  an  iron  retort  (A,  Pig.  196),  from  which  the  vapor  is  conducted  into 

1  High  pressure  steam  has  been  applied  with  advantage  for  melting  the  sulphur  out  of  the  ores, 
which  are  inclosed  in  an  iron  vessel. 
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slowly,  when  the  sulphide  of  iron  subsides ;  the  upper  portion  of  the 
mass  is  then  further  purified  by  distillation. 

Sulphur  may  also  be  obtained  from  copper  pyrites  (Cu2S.Fe.2S3)  in  the 
process  of  roasting  the  ore  previously  to  the  extraction  of  the  copper. 
The  ore  is  heaped  up  into  a  pyramid,  the  base  of  which  is  about  30  feet 
square;  a  laj*er  of  powdered  ore  is  placed  at  the  bottom  to  prevent  too 
rapid  access  of  air ;  above  this  there  is  a  layer  of  brushwood  :  a  wooden 
chimney  is  placed  in  the  centre,  and  is  made  to  communicate  with  air- 
passages  left  between  the  fagots  ;  around  this  chimney  the  large  frag- 
ments of  the  ore  are  piled  to  a  height  of  about  8  feet,  and  a  layer  of 
powdered  ore,  about  12  inches  deep,  is  strewn  over  the  whole.  The  heap 
contains  about  2000  tons  of  p}Trites,  and  will  yield  20  tons  of  sulphur. 
The  fire,  being  kindled  by  dropping  lighted  fagots  down  the  chimney, 
burns  very  slowly  because  of  the  limited  access  of  air,  and  after  a  few 
days  sulphur  is  seen  to  exude  from  the  surface,  and  is  received  in  cavi- 
ties made  for  the  purpose  in  different  parts  of  the  heap  ;  the  roasting 
requires  five  or  six  months  for  its  completion.  In  this  operation  a  part 
of  the  sulphur  has  been  separated  by  the  mere  action  of  heat,  and  an- 
other part  has  been  displaced  by  the  oxygen  of  the  air,  which  has  con- 
verted a  portion  of  the  iron  into  an  oxide  ;  a  part  of  the  separated  sul- 
phur has  been  burnt,  the  rest  having  escaped  combustion  on  account  of 
the  limited  access  of  air. 

The  sulphur  extracted  from  pyrites  is  generally  found  to  contain  a 
little  arsenic,  which  is  frequently  associated  with  those  minerals.  Im- 
mense quantities  of  sulphur  are  consumed  in  this  country  for  the  manu- 
facture of  sulphuric  acid,  gunpowder,  lucifer  matches,  vulcanized  caout- 
chouc, and  for  making  the  sulphurous  acid  employed  in  bleaching 
processes. 

Much  sulphur  has  recently  been  extracted  from  the  tank-waste  of  the 
alkali  works,  by  a  process  which  will  be  described  in  the  manufacture  of 
carbonate  of  soda. 

138.  Properties  of  Sulphur. — In  its  ordinary  forms  sulphur  has  a 
characteristic  yellow  color,  though  milk  of  sulphur,  or  precipitated  sul- 
phur (obtained  by  adding  an  acid  to  the  solution  of  sulphur  in  an  alkali), 
is  white.  It  suffers  electrical  disturbance  with  remarkable  facility,  so 
that  when  powdered  in  a  dry  mortar  it  clings  to  it  with  great  pertinacity. 

One  of  the  most  remarkable  features  of  sulphur  is  its  inflammability, 
due  to  its  tendency  to  combine  with  ox}"gen  at  a 
moderately  elevated  temperature.  It  melts  at  a 
heat  not  much  above  the  boiling-point  of  water 
(239°  F.),  and  inflames  at  about  500°  F.,  burning 
with  a  pale  blue  flame,  and  emitting  the  well- 
known  suffocating  odor  of  sulphurous  acid  (SO2). 

The  changes  in  the  physical  condition  of  this 
element  under  the  influence  of  heat  are  very  extra- 
ordinary. If  a  quantity  of  sulphur  be  introduced 
into  a  Florence  flask  and  subjected  to  a  gradually 
increasing  heat  (Fig.  199),  it  is  soon  converted 
into  a  pale  yellow  limpid  liquid  (250°  F.),  the 
color  of  which  becomes  gradually  brown  as  the 
heat  rises,  until,  at  about  350°  F.,  it  is  nearly 
black  and  opaque,  and  is  so  viscid  that  the  flask  may  be  inverted  without 
spilling  it;  at  this  point  the  temperature  of  the  sulphur  remains  station- 
ary for  a  time,  notwithstanding  that  it  is  still  over  the  flame,  showing 


Sri.I'J!  I'R. 

tha'  becoming   latent    in    convert  in^T   tin-    sulphur 

1  In*  slllph 

li'p  rtt,  and  at    a  much    higher 

ten,  'I   into  a    hrou  nM: 

.   at  thi-  inient.  :ii.  •    the 

of  sulphur  vapor   with    air   often   tal.  I  In-    tla-k 

now  be  removed  from  the  tlame,  an<l  a  little  of  tin?  sulphur  poured  into 

a  vessel  of  water,  through  which  it   will  descend  i  DOOOi  stream, 

:i  soil  ela  lining  in 

tin-  flask  will  be  observed,  as  it  cools,  to  pass  again  through  tin-  same 

states,  becoming  viscid  at  350°  ami  very  li.pi.  r  portion 

may  now  be  poured    into  \\  ater,  t  hroti_rh    \\|,  !l    fall   in    i-olalrd 

l-s,    solidifying   into  yi-llow    brittli?   crystallim-    buttons   of  ordi: 
siil|ilnir.  i>"ition    <»f  sulphur   left    in   tin-   tla-  :   will  be 

found   l<>  deposit  small  tufts  of  ultimately  to  solidify  alto- 

geth*  How  crystalline  mass. 

iJnir.  when  Kept  for  a  few  hours,  will  1>. 
yellow  and   brittle,  passing,  in  great  measin 

-talline  sulphur.     The  ehanne  is  aeeeh-rated  by  a  gentle  li« 
attends  i  !'  the    heat  \\hieh    tin-    sulphur  wa-    fmiiid    to 

absorb  at  350°  F.      Both    thes.  hur  are.  0  .  in- 

^..luble    in    water,  and    they   are    m>'  1    tO    an 

alcohol    and    ether.      If  the    ery«.t alline    I  .tile 

.l|>hide  of  earbon.  it  ra|>i<lly  dissolves,  and  on  all"  .'ion 

to  e  \,    it    dep.  iitiful   octahedral    crystal-, 

reseinbl;  siilphui  -ul|ihur.  ! 

•>  insoluble  in  bisulphi.h-  of  carbon. 

When  tlnuers  of  sulphur  are  shaken  with  bisulphide  of  carb 
siderable  quantity  parses  into  solution,  the  remainder  con^i^t inur  «»f  the 

mt  <»r  insoluble  sulphur.      Koll   ^ulphiir 

erte  'iiietimes  entirely,  in  the  bisulphide,  and  distilled  sulphur 

is  always  easily  soluble. 

The  -oluble  and    in-oluble    torn  t  dis- 

tinct  ch.-mical  \  ai'ietie- of  the  element.    When  as..  '  -ulplmr. ' 

hy-i.  -  decomposed    by  the  galvanic   battery,  the   Ir 

E8  W'  itive  p..le.  and  the  suljthur 

at  t!  age  38).      The  sulphur,  th.  ; 

•  Tlii-  -ul|»hur  is  soluble  in  bisulp: 

irbon.     When  an  acid  i-  addrd  to  a  solution  .  ,nne  sulp- 

Containing  more  than  one  eipli\alelit  of  sulphur,  the  excess  of  the   l:t 

1.  and    ;  10   found  to  be  soluble   in  hisulphid* 

'a!    with 
which  it  was  in  OOU 

Whi-u  siil|.hir  \  .  the    Mil. 

phur  is  separated  at  th 

'    in   the  sulpli 

in  bioiilphid'-  »D.      The   >ulphur  in  tin-  chlorid-'  of  siil- 

phn  aUo  pla\  s   an  \  .  \\heu 

-ulphur  which  separates  18 
lilble   in    bislllplild.  n.       The  existence  of  the-e  t  \N  o  furillS  of 

•listitilti'.:, 
the  rleme: 

than  the  . 
found  to  br  far  n.  ii/.eil  b\  nitric  acid.     }•'..• 


ALLOTROPIC  FORMS  OF  SULPHUR. 


225 


.  2110. 


or  insoluble  sulphur  is  converted  into  electronegative  or  soluble  sulphur 
by  the  action  of  a  moderate  heat,  itself  evolving  heat  during  the  process 
of  conversion.  When  melted  in  contact  with  sulphurous 
acid,  the  soluble  sulphur  is  converted  externally  into  the 
insoluble  form. 

Crystalline  or  soluble  sulphur  is  capable  of  existing  in 
two  distinct  forms.    The  natural  form  of  crystallized  sul- 
phur is  the  octahedron  with  a  rhombic  base  (Fig   200), 
and  this  is  the  usual  form  which  sulphur  assumes  when 
crystallized  from  its  solutions.     But  if  sulphur  be  melted 
in  a  covered  crucible,  allowed  to  cool  until  the  surface 
has  congealed,  and  the  remaining  liquid  portion  poured 
out  after  piercing  the  crust  (with  two  holes,  one  for  admission  of  air), 
the  crucible  will  be  lined  with   beautiful  needles,  which   are  oblique 
prisms  (Fig.  201).    These  crystals  are  brownish-yellow,  and  transparent 
when  freshly  made ;  but  they  soon  become  opaque  yellow,  and  although 
they  retain  their  prismatic  appearance,  they  have  now 
changed  into  minute    rhombic  octahedra,  the  change 
being  attended  with  evolution  of  heat.     On  the  other 
hand,  if  a  crystal  of  octahedral  sulphur  be  exposed  for 
a  short  time  to  a  temperature  of  about  230°  F.  (in  a 
boiling  saturated  solution  of  common  salt,  for  example), 
it  becomes  opaque,  in  consequence  of  the  formation  of 
a  number  of  minute  prismatic  crystals  in  the  mass. 

The  difference  between  these  two  forms  of  crystalline 
sulphur   extends   to   their   fusing-points    and    specific 
gravities;  the  prismatic  sulphur  fusing  at  248°  F.,  and 
the  octahedral  sulphur  at  239°  F. ;   the  specific  gravity  of  the  prisms 
being  1.98,  and  that  of  the  octahedra  2.05. 

Roll  sulphur,  when  freshly  made,  consists  of  a  mass  of  oblique  pris- 
matic crystals,  but  after  being  kept  for  some  time,  it  consists  of  octa- 
hedra, although  the  mass  generally  retains  the  specific  gravity  proper 
to  the  prismatic  form.  This  change  in  the  structure  of  the  mass,  taking 
place  when  its  solid  condition  prevented  the  free  movement  of  the  par- 
ticles, gives  rise  to  a  state  of  tension  which  may  account  for  the  extreme 
brittleness  of  roll  sulphur.  If  a  stick  of  sulphur  be  held  in  the  warm 
hand,  it  often  splits  from  unequal  expansion.  These  peculiarities  of 
sulphur  deserve  careful  study,  as  helping  to  elucidate  the  spontaneous 
alterations  in  the  structure  of  glass,  iron,  &c.,  under  certain  conditions. 

Flowers  of  sulphur  do  not  present  a  crystalline  structure,  but  consist 
of  spherical  granules  composed  of  insoluble  sulphur  inclosing  soluble 
sulphur.  Hot  oil  of  turpentine  dissolves  sulphur  freely,  and  when  the 
solution  is  allowed  to  stand,  the  crystals  which  are  deposited  whilst  the 
solution  is  hot,  have  the  prismatic  form,  but  as  it  cools,  octahedra  are 
separated. 

The  following  table  exhibits  the  chief  allotropic  forms  of  sulphur : 
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tures.  Sulphur  affords  a  very  well-marked  instance  of  this.  It  boils  at 
83(5 c  F.,  and  if  its  vapor  be  weighed  at  a  temperature  of  900°  F.,  it  is 
found  to  weigh  6.617  times  as  much  as  an  equal  volume  of  air  at  900° 
F.,  so  that  it  is  96  times  as  heavy  as  hydrogen,  or  1  atom  of  sulphur 
would  occupy  J  vol.  But  if  the  vapor  of  sulphur  be  weighed  at  1900° 
F.,  it  is  found  to  weigh  only  2.23  times  as  much  as  an  equal  volume  of 
air  at  the  same  temperature  and  pressure,  so  that  it  is  only  32  times  as 
heavy  as  hydrogen,  and  one  atom  of  sulphur  occupies  1  vol. 


HYDROSULPHURIC  ACID. 

H2S  =  34  parts  by  weight  =  2  vols. 

140.  Sulphuretted  hydrogen,  or  hydrosulphuric  acid,  has  been  already 
mentioned  as  occurring  in  some  mineral  waters,  as  at  Harrogate.  It 
is  also  found  in  the  gases  emanating  from  volcanoes,  sometimes  amount- 
ing to  one-fourth  of  their  volume,  .it  is  a  product  of  the  putrefaction  of 
organic  substances  containing  sulphur,  and  is  one  of  the  causes  of  the 
sickening  smell  of  drains,  &c.  Eggs,  which  contain  a  considerable  pro- 
portion of  sulphur,  evolve  sulphuretted  hydrogen  as  soon  as  they  begin 
to  change,  and  hence  the  association  between  this  gas  and  the  u  smell  of 
rotten  eggs."  The  same  smell  is  observed  when  a  kettle  boils  over  upon 
a  coke  or  coal  tire,  the  hydrogen  liberated  from  the  water  combining 
with  the  sulphur  present  in  the  fuel. 

Hydrosulphuric  acid  is  also  found  among  the  products  of  destructive 
distillation  of  organic  substances  containing  sulphur;  it  was  mentioned 
among  the  products  from  coal,  in  which  it  is  for  the  most  part  combined 
with  the  ammonia  formed  at  the  same  time,  producing  hydrosulphate  of 
ammonia. 

It  may  be  produced,  though  not  in  large  quantity,  by  the  direct  union 
of  hydrogen  with  sulphur  vapor  at  a  high  temperature,  or  by  passing  a 
mixture  of  sulphur  vapor  and  steam  through  a  tube  filled  with  red-hot 
pumice-stone  (the  latter  encouraging  the  action  by  its  porosity).  Hy- 
drosulphuric acid  is  more  readily  formed  by  heating  a  damp  mixture  of 
sulphur  and  wood  charcoal,  and  may  be  obtained  in  large  quantity  by 
heating  a  mixture  of  equal  weights  of  sulphur  and  tallow,  the  latter  fur- 
nishing the  hydrogen. 

Preparation  of  Hydrosulphuric  Acid. — For  use  in  the  laboratory, 
where  it  is  very  largely  employed  in  testing  for  and  separating  metals, 
hydrosulphuric  acid  is  generally  prepared  by  decomposing  sulphide  of 
iron  with  diluted  sulphuric  acid — 

FeS     4     H2O.SO3    =     H2S     +     FeO.SO3. 

Sulphide  ofciron.  Hydrosulphuric         Sulphate  of 

acid.  iron. 

To  obtain  sulphide  of  iron,  a  mixture  of  3  parts  of  iron  filings  with  2  parts  of 
flowers  of  sulphur  is  thrown,  by  small  portions  at  a  time,  into  an  earthen  crucible 
(A,  Fig.  203),  heated  to  redness  in  a  charcoal  fire,  the  crucible  being  covered  after 
each  portion  has  been  added.  The  iron  and  sulphur  combine  with  combustion,  and 
when  the  whole  of  the  mixture  has  been  introduced,  the  crucible  is  allowed  to  cool, 
the  mass  of  sulphide  of  iron  broken  out,  and  a  few  fragments  of  it  are  introduced 
into  a  bottle  (Fig.  204)  provided  with  a  funnel-tube  for  the  addition  of  the  acid,  and 
a  bent  tube  for  conducting  the  gas  through  a  small  quantity  of  water,  to  remove  any 
splashes  of  sulphate  of  iron.  From  the  second  bottle  the  gas  is  conducted  by  a  glass 
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This  is  a  great  drawback  to  the  use  of  this  indispensable  chemical  in  the  labor- 
atory, since  the  solution  of  hydrosulphuric  acid  is  so  soon  rendered  useless.  To 
diminish  it  as  far  as  possible,  the  solution  should  be  made  either  with  boiled  water 
(free  from  dissolved  air),  or  with  water  which  has  already  been  once  charged  with 
the  gas  and  spoilt  by  keeping,  for  all  the  oxygen  dissolved  in  this  water  will  have 
been  consumed  by  the  former  portion  of  gas.  The  gas  should  be  passed  through 
the  water  until,  on  closing  the  bottle  with  the  hand  and  shaking  violently,  the 
pressure  is  found  to  act  outwards,  showing  the  water  to  be  saturated  with  the  gas. 
By  closing  the  bottle  with  a  greased  stopper,  and  inverting  it,  the  solution  may  be 
preserved  for  some  weeks,  even  though  occasionally  opened  for  use. 

In  preparing  the  solution  of  hydrosulphuric  acid,  a  certain  quantity  of  the  gas 
always  escapes  absorption  To  prevent  this  from  becoming  a  nuisance,  the  bottle 
containing  the  water  to  be  charged  with  gas  may  be  covered  with  an  air-tight 
caoutchouc  cap  having  two  tubes,  through  one  of  which  passes  the  glass  tube  con- 
veying the  gas  down  into  the  water,  and  through  the  other,  a  tube  conducting  the 
excess  of  gas  either  into  a  gas-burner,  where  it  may  be  consumed,  or  into  a  solu- 
tion of  ammonia  which  will  absorb  it,  forming  the  very  useful  hydrosulphate  of 
ammonia. 

The  hydrogen  of  the  hydrosulphuric  acid  is  oxidized  immediately  by 
nitrous  acid  (N203),  the  sulphur  being  separated,  and  a  considerable 
quantity  of  nitrite  of  ammonia  produced — 

N20,   +    6H2S    =   2NH3   +    3H,O    +    S6. 

Concentrated  nitric  acid  also  oxidizes  the  hydrogen  and  a  part  of  the 
sulphur,  sulphate  of  ammonia  (2NHrH,O.SOJ  being  found  in  the  solu- 
tion, and  a  pasty  mass  of  sulphur  separated.  Chlorine,  bromine,  and 
iodine  at  once  appropriate  its  hydrogen  and  separate  the  sulphur. 

In  its  action  upon  the  metals  and  their  oxides,  hydrosulphuric  acid 
resembles  hydrochloric  and  the  other  hydrogen  acids.  Many  of  the 
metals  displace  the  hydrogen  and  form  metallic  sulphides.  This  usually 
requires  the  assistance  of  heat,  but  mercury  and  silver  act  upon  the  gas 
at  the  ordinary  temperature.  Thus,  if  sulphuretted  hydrogen  be  col- 
lected over  mercury,  the  surface  of  the  latter  becomes  coated  with  a 
black  film  of  sulphide  of  mercury ;  H2S  -f  Hg2—  H2  -f  Hg2S.  In  a  similar 
way  the  surface  of  silver  is  slowly  tarnished  when  exposed  to  sulphuretted 
hydrogen,  its  surface  being  covered  with  a  black  film  of  sulphide  of 
silver.  It  is  on  this  account  that  silver  plate  is  so  easity  blackened  by 
the  air  of  towns,  which  is  contaminated  with  sulphuretted  hydrogen. 
An  egg  spoon  is  always  blackened  by  the  sulphur  from  the  egg.  Silver 
coins  kept  in  the  pocket  with  lucifer  matches  are  blackened,  from  the 
formation  of  a  little  sulphide  of  silver.  The  original  brightness  of  the 
coin  may  be  restored  by  rubbing  it  with  a  solution  of  cyanide  of  potas- 
sium, which  dissolves  the  sulphide  of  silver.  Friction  with  strong  am- 
monia will  also  remove  the  tarnish,  and  its  application  is  safer  than 
that  of  the  poisonous  cyanide. 

When  heated  in  the  gas,  several  metals  displace  the  hydrogen  from 
it.  Thus,  potassium  acts  upon  it  in  a  corresponding  manner  to  that  in 
which  it  acts  upon  water — 

HB0   +    K   =   KHO    +    H 
II2S    +    K   =   KHS    +   H, 

forming  hydrosulphate  of  potassium  (KHS). 

Tin  removes  the  whole  of  the  sulphur  from  hydrosulphuric  acid  at  a 
moderate  heat ;  Sn  -f-  H2S  =  H2  +  SnS. 

When  hydrosulphuric  acid  acts  upon  a  metallic  oxide,  it  generally 
converts  it  into  a  sulphide  corresponding  to  the  oxide,  whilst  the  hydro- 
gen and  oxygen  unite  to  form  water.  Oxide  of  lead  in  contact  with  the 
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The  sulphostannic  (SnS2"),  sulphantimonic  (Sb,S.),  and  sulpharsenic 
(A82S.)  acids  respectively,  corresponding  to  stannic  (SnO2),  antimonic 
(Sb.,O5),  and  arsenic  (As20.)  acids. 

The  action  of  air  upon  the  sulphides  of  the  metals  is  often  turned  to 
account  in  chemical  manufactures.  At  the  ordinary  temperature,  the 
sulphides  of  those  metals  which  form  alkaline  oxides  (such  as  sodium 
and  calcium)  when  exposed  to  the  air  in  the  presence  of  water,  yield, 
first,  mixtures  of  the  oxide  and  bisulphide,  2Na.2S  +  O  =  Na/)  + 
Na,S2;  and  afterwards  the  hyposulphite,  Na,S2  +  03  =  Na2$2Os.  This 
change  is  sometimes  turned  to  account  for  the  manufacture  of  hyposul- 
phite of  soda. 

When  the  metal  forms  a  less  powerful  base  with  oxygen,  the  sulphide 
is  often  converted  into  sulphate  by  exposure  to  moist  air  ;  thus,  CuS  + 
O4  =  CuO.SO3,  which  is  taken  advantage  of  for  the  separation  of  cop- 
per from  tin  ores. 

The  black  sulphide  of  iron  (FeS),  when  exposed  to  moist  air,  becomes 
converted  into  red  peroxide  of  iron,  with  separation  of  sulphur — 
2FeS      +      03     =      Fe,03     +      S2, 

a  change  which  enables  the  gas  manufacturer  to  revive,  by  the  action  of 
air,  the  peroxide  of  iron  employed  for  removing  the  sulphuretted  hydro- 
gen from  coal  gas. 

When  roasted  in  air  at  a  high  temperature,  the  sulphides  correspond- 
ing to  the  more  powerful  bases  are  converted  into  sulphates ;  thus 
ZnS  +  04  =  ZnO.S03,  which  explains  the  production  of  sulphate  of 
zinc  by  roasting  blende.  But  in  most  cases  part  of  the  sulphur  is  con- 
verted into  sulphurous  acid  at  the  same  time.  Subsulphide  of  copper, 
for  instance,  is  partly  converted  into  oxide  of  copper  by  roasting,  Cu.,S 
+  04  =  2CuO  +  SO.,,  a  change  of  great  importance  in  the  extraction 
of  copper  from  its  ores. 

141.  Persulphide  of  Hydrogen. — The  composition  of  this  substance  is  not  yet  satis- 
factorily ascertained.  The  similarity  of  its  chemical  properties  to  those  of  "bin  oxide 
of  hydrogen  prompts  the  wish  that  Us  formula  may  be  H2S2.  Some  analyses,  how- 
ever, seem  to  lead  to  the  formula  H.,S.,  but  since  the  persulphide  is  a  liquid  capable 
of  dissolving  free  sulphur,  which  is  not  easily  separated  from  it,  there  is  much  diffi- 
culty in  determining  the  exact  proportion  of" this  element  with  which  the  hydrogen 
is  combined. 

"When  equal  weights  of  slaked  lime  and  sulphur  are  boiled  with  water,  an  orange- 
colored  liquid  is  formed,  which  contains  hyposulphite  of  lime,  bisulphide  of  calcium, 
and  pentasulphide  of  calcium  (CaS3) — 

3CaO    +   S6  =   CaS2O3  (Hyposulphite  of  Lime)   +    2CaS2  (Bisulphide  of  Calcium). 

When  hydrochloric  acid  is  added  to  the  filtered  solution,  an  abundant  precipita- 
tion of  sulphur  occurs,  and  much  hydrosulphuric  acid  is  evolved — 
CaS2     +     2HC1  "  =     CaCl2     +     H2S     +     S. 

But  if  the  solution  be  poured  by  degrees  into  a  slightly  warm  mixture  of  hydro- 
chloric acid  with  twice  its  bulk   of  water,  and   constantly  stirred,  a  yellow  heavy 
oily  liquid  collects  at  the  bottom,  which  is  the  persulphide  of  hydrogen — 
CaS2     +     2HC1     =     H2S2  (?)     +     CaCl2. 

The  acid  having  been  kept  in  excess,  the  persulphide  has  been  preserved  from  the 
decomposition  which  it  suffered  in  the  presence  of  the  alkaline  solution  in  the 
former  experiment.  For  the  persulphide  of  hydrogen  very  closely  resembles  the 
peroxide  in  the  facility  with  which  it  may  be  decomposed  into  hydrosulphuric  acid  and 
sulphur;  it  undergoes  spontaneous  decomposition  even  in  sealed  tubes,  and  the  hy- 
drosulphuric acid  then  becomes  liquefied  by  its  own  pressure.  Most  of  the  sub- 
stances, the  contact  of  which  promotes  the  decomposition  of  the  peroxide  of  hydro- 
gen, have  the  same  effect  upon  the  persulphide.  This  compound  has  a  peculiar  odor, 
which  appears  to  affect  the  eyes  ;  of  course,  its  vapor  is  mixed  with  that  of  hydro- 
sulphuric  acid  resulting  from  its  decomposition. 
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boated  to  redness,  and  some  liquid  sulphurous  acid  poured  into  it,  the  liquid  becomes 
surrounded  witb  an  atmosphere  of  sulphurous  acid  gas,  which  prevents  its  contact 
with  the  metal  (assumes  the  spheroidal  state),  and  its  temperature  is  reduced  by  its 
own  evaporation  to  so  low  a  degree  that  a  few  drops  of  water  allowed  to  flow  into 
it  will  at  once  become  converted  into  ice. 

Sulphurous  acid  gas  is  very  easily  absorbed  by  water,  as  may  be  shown 
by  pouring  a  little  water  into  a  bottle  of  the  gas,  closing  the  bottle  with 
the  palm  of  the  hand,  and  shaking  it  violently  (see  Fig.  165,  p.  178), 
when  the  diminished  pressure  due  to  the  absorption  of  the  gas  will  cause 
the  bottle  to  be  sustained  against  the  hand  by  the  pressure  of  the  at- 
mosphere. Water  absorbs  43.5  times  its  bulk  of  the  gas  at  the  ordinary 
temperature.  If  the  solution  be  exposed  to  a  low  temperature,  a  crys- 
tallized hydrate  of  sulphurous  acid  is  obtained,  the  composition  of  which 
does  not  appear  to  be  accurately  settled.  When  the  solution  of  sulphu- 
rous acid  is  kept  for  some  time  in  a  bottle  containing  air,  its  smell  gradu- 
ally disappears,  the  acid  absorbing  oxygen  and  becoming  converted  into 
sulphuric  acid. 

Sulphurous  acid,  like  carbonic  acid,  possesses  in  a  high  degree  the 
power  of  extinguishing  flame.  A  taper  is  at  once  extinguished  in  a 
bottle  of  the  gas,  even  when  containing  a  considerable  proportion  of  air. 
One  of  the  best  methods  of  extinguishing  burning  soot  in  a  chimney 
consists  in  passing  up  sulphurous  acid  by  burning  a  few  ounces  of  sul- 
phur in  a  pan  placed  over  the  fire. 

The  principal  uses  of  sulphurous  acid  depend  upon  its  property  of 
bleaching  many  animal  and  vegetable  coloring  matters.  Although  a  far 
less  powerful  bleaching  agent  than  chlorine,  it  is  preferred  for  bleaching 
silk,  straw,  wool,  sponge,  isinglass,  baskets,  &c.,  which  would  be  injured 
by  the  great  chemical  energy  of  chlorine.  The  articles  to  be  bleached 
are  moistened  with  water  and  suspended  in  a  chamber  in  which  sulphu- 
rous acid  is  produced  by  the  combustion  of  sulphur.  The  coloring  mat- 
ters do  not  appear  in  general  to  be  decomposed  by  the  acid,  but  rather 
to  form  colorless  combinations  with  it.  for  in  course  of  time,  the  original 
color  often  reappears,  as  is  seen  in  straw,  flannel,  &c.,  which  become 
yellow  from  age,  the  sulphurous  acid  probably  being  oxidized  into  sul- 
phuric acid.  Stains  of  fruit  and  port  wine  on  linen  are  conveniently 
removed  b}-  solution  of  sulphurous  acid. . 

The  red  solution  obtained  by  boiling  a  few  chips  of  logwood  with  river  water 
(distilled  water  does  not  give  so  tine  a  color),  serves  to 
illustrate  the  bleaching  properties  of  sulphurous  acid.  A 
few  drops  of  the  solution  of  the  acid  will  at  once  change 
the  red  color  of  the  solution  to  a  light  yellow,  but  that 
the  coloring  power  is  suspended  and  not  destroyed,  may 
be  shown  by  dividing  the  yellow  liquid  into  two  parts, 
and  adding  to  them,  respectively,  potash  and  diluted  sul- 
phuric acid,  which  will  restore  the  color  in  a  modified 
form.  To  contrast  this  with  the  complete  decomposition 
of  the  coloring  matter,  a  little  sulphurous  acid  may  be 
added  to  a  weak  solution  of  the  permanganate  of  potash, 
when  the  splendid  red  solution  at  once  becomes  perfectly 
colorless,  and  neither  acid  nor  alkali  can  effect  its  resto- 
ration, for  in  this  case  the  red  permanganic  acid  (Mn.,OJ, 
supposed  to  exist  in  the  permanganate  of  potash,  is  re- 
duced to  the  state  of  protoxide  of  manganese. 

If  a  bunch  of  damp  colored  flowers  be  suspended  in  a  bell-jar  over  a  crucible  con- 
taining a  little  burning  sulphur  (Fig.  ^06),  many  of  the  flowers  will  be  completely 
bleached  by  the  sulphurous  acid,  and  by  plunging  them  afterwards  into  diluted  sul- 
phuric acid  and  ammonia,  their  colors  may  be  partly  restored,  with  some  very  cu- 
rious modifications. 
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It  is  prepared  by  passing  sulphurous  acid  over  damp  crystals  of  car- 
bonate of  soda,  when  the  carbonic  acid  is  expelled,  and  sulphite  of  soda 
formed,  which  is  dissolved  in  water  and  crystallized.  It  forms  oblique 
prisms  having  the  composition  Na.2O.SO2.t  Aq,  which  effloresce  in  the  air, 
becoming  opaque,  and  slowly  absorbing  oxygen,  passing  into  sulphate 
of  soda  (Na.,O.SO.J.  Its  solution  is  slightly  alkaline  to  test-papers. 

For  the  manufacture  of  sulphite  of  soda,  the  sulphurous  acid  is  ob- 
tained either  by  the  combustion  of  sulphur  or  by  heating  sulphuric  acid 
with  charcoal — 

2(H2O.S03)    +    C  =  2H2O    -f-    CO2    +    2SO., 

The  carbonic  acid,  of  course,  will  not  interfere  with  this  application  of 
the  sulphurous  acid. 

Just  as  in  the  case  of  carbonic  acid  (see  p.  116).  many  chemists  deny 
the  acid  nature  of  the  compound  SO,  altogether,  and  term  it  sulphurous 
anhydride,  reserving  the  name  of  sulphurous  acid  for  the  hydrated  sul- 
phurous acid,  H.2O.SO2  or  HgSO,,  obtained  by  exposing  the  aqueous 
solution  of  sulphurous  acid  to  a  very  low  temperature. 

SULPHURIC  ACID. 

SO3  =  80  parts  by  weight. 

144.  It  has  been  already  noticed  that  one  of  the  most  abundant 
forms  in  which  sulphur  occurs  in  nature  is  that  of  sulphuric  acid  in 
combination  with  certain  bases.  Hydrated  sulphuric  acid  has  also  been 
found  in  certain  springs  and  rivers  in  volcanic  regions.  Sulphurous 
acid  and  oxygen  gases  combine  to  form  sulphuric  acid  (S03)  when 
passed  through  a  tube  containing  heated  platinum  or  certain  metallic 
oxides,  such  as  those  of  copper  and  chromium,  the  action  of  which  in 
promoting  the  combination  is  not  thoroughly  understood. 

The  combination  may  be  shown  by  passing  oxygon  from  the  tube  A  (Fig  208) 
connected  with  a  gas-holder,  through  a  strong  solution  of  sulphurous  acid  (Hi,  so 
that  it  may  take  up  a  quantity  of  that  gas, 
afterwards  through  a  tube  (C)  containing 
pumice-stone  soaked  with  oil  of  vitriol,  to 
remove  the  water,  and  then  through  a  bulb 
(D)  containing  platinized  asbestos  (see  p. 
171).  The  mixture  of  the  gases  issuing 
into  the  air  is  quite  invisible,  but  when  the 
bulb  is  gently  heated,  combination  takes 
place,  and  dense  white  clouds  are  formed 
in  the  air,  from  the  combination  of  the 
anhydrous  sulphuric  acid  (SO3)  produced 
with  the  atmospheric  moisture. 

An  easier  method  of  obtaining  the 
anhydrous    sulphuric    acid    will    be 

noticed  hereafter,  but  the  hj'drated  acid  is  of  so  much  more  importance 
that  its  preparation  and  properties  should  be  studied  before  those  of  the 
anhydrous  acid. 

Hydrated  Sulphuric  Acid  (H2O.S03  =  98  parts  by  weight). — More 
than  four  centuries  ago,  the  alchemist  Basil  Valentine  subjected  green 
vitriol,  as  it  was  then  called  (sulphate  of  iron),  to  distillation,  and  ob- 
tained an  acid  liquid  which  he  named  oil  of  vitriol.  The  process  dis- 
covered by  this  laborious  monk  is  even  now  in  use  at  Xordhausen  in 
Saxony,  and  the  Nordhausen  oil  of  vitriol  is  an  important  article  of 
commerce.  The  crystals  of  sulphate  of  iron  (FeO.S03.7HaO)  are  ex- 
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to  have  been  sold  for  about  half  a  crown  an  ounce,  and  that  prepared  by 
burning  sulphur  with  nitre  in  glass  vessels  at  the  same  price  per  pound; 
but  when  leaden  chambers  were  introduced,  the  price  fell  to  a  shilling 
per  pound,  and  at  present  oil  of  vitriol  can  be  purchased  at  the  rate  of 
five  farthings  per  pound. 

The  description  of  the  present  process  of  manufacture  will  be  best 
understood  after  a  consideration  of  the  chemical  changes  upon  which  it 
depends. 

It  has  been  seen  that  when  sulphur  is  burnt  in  air,  sulphurous  acid  is 
the  chief  product.  When  sulphurous  acid  acts  upon  hydrated  nitric 
acid,  in  the  presence  of  water,  sulphuric  acid  and  nitric  oxide  are 
formed — 

3S02     +     H2O.N205     +     2H20     =    3(H,O.SO.)     +     2NO. 

Nitric  oxide,  in  contact  with  air,  combines  with  its  oxygen  to  form 
nitric  peroxide  (XO,). 

If  nitric  peroxide  is  brought  into  contact  with  sulphurous  acid  and 
water,  it  is  again  converted  into  nitric  oxide  with  formation  of  sulphuric 
acid — 

N02     +     SO,    +     H20     =    NO     +     H2O.S03. 

It  appears,  therefore,  that  nitric  oxide  may  be  emplo%yed  to  absorb 
oxygen  from  the  air,  and  to  convey  it  to  the  sulphurous  acid,  so  that 
theoretically,  an  unlimited  quantity  of  sulphurous  acid,  supplied  with 
air  and  water,  might  be  converted  into  sulphuric  acid  by  a  given  quantity 
of  nitric  oxide. 

To  illustrate  these  important  chemical  principles  of  the  manufacture  of  sulphuric 
acid,  the  following  experiments  may  be  performed  : 

I.  A  quart  bottle  of  nitric  oxide  (p.  170)  is  placed  mouth  to  mouth  with  a  pint 
bottle  of  oxygen,  when  both  bottles  will  be  filled  with  the  red  nitric  peroxide. 

II.  The  quart  bottle  of  this  red  gas  is  placed  mouth  to  mouth  with  a  quart  bottle 
of  sulphurous  acid  gas  (Fig.  209),  when  the  red  color  will  soon  disappear,  and  the 
sides  of  the  bottles  will  be  covered  with  a  crystalline 

substance  formed  by  the  reaction  between  the  nitric  Fiy  >)()<) 

peroxide,  the  sulphurous  acid,  and  the  small  quantity 

of  water  present  in  the  gases.    The  true  composition 

of  this  crystalline  body  is  doubtful,  but  if,  for  the 

purpose  of  the  present  reasoning,  it  be  regarded   as 

2(NO.SO3).H2O,  its  formation  would  be  represented 

by  the  equation — 

2NO2  -f    2SO2   +   H2O   =  2(NO.SO3).H2O. 

III.  A  little  water  is  shaken  round  the  insides  of 
the  bottles,  when  the  crystalline  compound  will   be 
decomposed  with  etiervescence,  evolving  nitric  oxide, 
and  producing  hydrated  sulphuric  acid — 

2(NO.S03).H20  +  H20  ==  2NO  +  2(H2O.SO3). 

IV.  Air1  is  blown  into  the  bottles  through  a  glass  tube,  when  the  presence  of  the 
nitric  oxide  will  be  proved  by  the  formation  of  the  red  nitric  peroxide. 

In  the  presence  of  abundance  of  water  this  crystalline  compound  is  not  produced, 
as  may  be  shown  by  the  following  modification  of  the  experiment. 

V.  A  large  glass  flask  or  globe  (A,  Fig.  210)  is  fitted  with  a  cork,  through  which 
are  passed — 

(«)  a  tube  connected  with  a  flask  (D)  containing  copper  and  strong  sulphuric  acid, 
for  evolving  sulphurous  acid  ; 

(6)  a  tube  connected  with  a  flask  (B)  containing  copper  and  diluted  nitric  acid 
(sp.  gr.  1.2)  for  supplying  nitric  oxide; 

(c)  a  tube  proceeding  from  a  small  flask  (E)  containing  water. 

1  The  operation  is,  of  course,  more  striking  if  oxygen  is  employed  instead  of  air,  the  globe  being 
filled  with  oxygen  by  displacement  at  the  commencement. 
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nd  and  closed  by  a  ground  glass  plat  d  with 


*  ibes.     Th<  t\*  are  easily  made  by 

ate  dat  against  the  wall  and  piercing  it  uiih  tit 

(nil  di< 
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I  liv  :i  fr.-' 
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in  a  suitable  furnace  (A)  adjoining  the  chambers,  and  so  arranged  that 
the  sulphurous    ari«l    |ir<»lM<-.-<l    may    !.«•    iui\f«|    \\ith    ah.,ut    tli.-    ; 

'heozygci.  !  I-T  its  coim-rsion  into 
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weight)  of  nitrate  of  soda  would  be  required  to  furnish  the  nitric  acid 
for  the  conversion  of  3  atoms  (9ti  parts  by  weight)  of  sulphur,  whereas, 
in  practice,  6  parts  by  weight  only  of  nitrate  of  soda  are  employed  for 
96  parts  of  sulphur. 

For  the  nitric  oxide  (NO)  at  once  acquires  oxygen  from  the  air  ad- 
mitted together  with  the  sulphurous  acid,  and  becomes  nitric  peroxide 
(NO2),  which  oxidizes  more  sulphurous  acid  in  the  presence  of  water, 
converting  it  into  hydrated  sulphuric  acid — 

2S02    +    2N02    +    2H20  ==  2(HO.SO:j)     +    2NO. 

A  great  reduction  in  the  volume  of  the  gas  in  the  chamber  thus  takes 
place  (4  vols.  S02  and  4  vols.  NO2  yielding  4  vols.  NO),  so  that  there 

FIG.  211. 


Sulphuric-  iu-i<l  chambers. 

is  room  for  the  introduction  of  a  fresh  quantity  of  the  mixture  of  sul- 
phurous acid  and  air  from  the  furnace,  upon  which  the  nitric  oxide  acts 
as  before,  taking  up  the  oxygen  from  the  air  and  handing  it  over  to  the 
sulphurous  acid,  in  the  presence  of  water,  to  produce  a  fresh  supply  of 
hydrated  sulphuric  acid. 

But  the  nitrogen  of  the  air  takes  no  part  in  these  changes,  and  since 
the  oxygen  consumed  in  converting  the  sulphur  into  sulphuric  acid  is 
accompanied  by  four  times  its  volume  of  nitrogen,  a  very  large  acciumi- 
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M  «»t"  this  .^as  takes   place  in   tin-  chambers.  and   provision    mu-t 
made  for  its  remo\al  in  order  to  allow  space  f 

.  .      Til.-  obvious  phiii  would  :i|.|M-:n-   to  be  the  civet  ion 
of  a  simple  chimney  for  tin*  escape  of  the  nitrogen  at  tin-  opposite   cud 
<-t'  tin-  chamber  t..  that  at  \\hieh  tin-   sulphurous  acid   and  air- 
and  this  plan  was  formerly  adopted.  hut  the    nitrogen  carries  off  with  it 
a  portion  ..t'  tin*  n.  which  is  so  valuable  in  tin-  ehambe 

save  this  tin  nitrogen  is  now  generally  passed  through  a  Laden 

chamber    ((',.    tilled    with   •  which    «.il   of  vitriol    is   allowed   to 

trick  1  of  \  it  riol  absorbs  the-  nitric  oxide,  and  flows  int..  a  oteUra 

.  from  which   it    i>   puinprd  up  to  the  top  of  another  chanil-ci 
filled  withroU  1  with  ^helves  in  ca>cadc.  through  which  tin- 

hot  Milphnron-.  acid   and  air  Arc  made  to  pass  as   they  niter,  when  they 
up  tlu-   nitric  oxide  from  the  oil  of  vitriol,  and  carry  it  with  them 
into  t  he  chain 

PC  the  introduction  of  this  plan  of  retaining  the  nitric  oxide  l.y 
oil  of  \  itriol,  it  required  a  quantity  of  nitrate  of  soda  amounting  to  Jth 
or  y^th  of  the  .Ip'hur  to  oon!  to  sulphuric  acid, 

18  :il>oiit  ven  less  is  now  often  made  to  BUl 

The  sulphuric  :i.-id   i>  allowed  to  collect  on  the  floor  of  the  chamher 
until  it  lias  a  ntain-  TO  per  cent,  of 

oil  of  vitriol  (  II  <  >.x  >  >.     If  it  were  allowed  to  become  i  ted 

than  thi>.  it  would   a!i->rl»  some  of  the  nitric   oxide   in  the  chamber,  BO 
that  it  is  now  drawn  oil. 

n  g  enough  for  some  of  the  applications  of  sul- 

phuric acid,  particularly  for  that  which  consumes   the  largest  (plant  ity 
in   thi>  conn  the  conversion   of  common  salt   into  sulphate  of 

.  a>  a  preliminary  step  in  the  manufacture  of  carbonate  of  soda.    To 
the  expense  of  transporting  the  acid   for  this  purpo-.  . 

form  par;  of  the  plant  of  the  alkali  woi  ! 

To  convert  this  weak  acid  into  the  ordinal  \  oil  of  vitriol  of  comn 
it   is  run  oil'  into  shallow  leaden  pans  set  in  brickwork,  and  «.uppo:  ted  on 
iron  bars   over  the   flue  of  a    furnace,  win-re    it    is   heated    until    so  much 
water  has  evaporated  that  the  specific  gravity  of  the  acid  has  Increased 
.72.      The   COI  n    caniio-  'irther   in  leaden    pans, 

because  the  strong  a  ipon  the  lead,  an-  nto  sul- 

phate — 

M),)    +   Pb   =   PbO.SO,   +   2H,0    +   S0r 


i    of    1.7'J   sp.  <_rr.  contains  about  80   |  "f  true  oil   of 

M  <».<()J)and  1  for  makinc  tnperpboAphal 

rouurh  chemical  manufactures.      I  '.led 

i_C  ac.piired   a   bn»wn   color   fron. 
•illy  present  in  it. 

To  Convert  this  brown  acid  int<>  ial   oil  of  vitriol,  it  is  boiled 

down,  either  in  «jla-s  i  platinum  stilN,  when  water  distils  . 

t  little  sulphuric  acid,  and  the  acid  in  t 

•  :  less,  the    l.ro\\  ii  t  -ed  b\    tDC    -'  r«»ng 

Milphnri--  'i  sulphnrou^  acid-.     When 

dense  uliite    fuiiie>  i.f  oil  of  \itiiol  t  M  •  _;  i  1  1  to  |-a-->   o\er.  IDOWiog  that  all 
the    supertliioiis    \Mi'er   has    D€ei  1,   the    acid    is   drawn   oil'   I 

siphon. 

liieh  distils  off  is  empl  <f  water  on 

•f   the   leaden   chati 
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The  cost  of  the  acid  is  very  much  increased  by  this  concentration.  It  cannot  be 
conducted  in  open  vessels,  partly  on  account  of  the  loss  of  sulphuric  acid,  partly 
because  concentrated  sulphuric  acid  absorbs  moisture  from  the  open  air  even  at  the 
boili:;^-point.  The  loss  by  breakage  of  the  glass  retorts  is  very  considerable, 
although  it  is  reduced  as  far  as  possible  by  heating  them  in  sand,  and  keeping  them 
always  at  about  the  same  temperature  by  supplying  them  with  hot  acid.  But  the 
boiling-point  of  the  concentrated  acid  is  very  high  (640°  F.),  and  the  retorts  con- 
sequently become  so  hot  that  a  current  of  cold  air  or  an  accidental  splash  of  acid  will 
frequently  crack  them  at  once.  Moreover  the  acid  boils  with  tuccunaion  or  violent 
bumping,  caused  bv  sudden  bursts  of  vapor,  which  endanger  the  safety  of  the  retort. 

With  platinum  stills  the  risk  of  fracture  is  avoided,  and  the  distillation  may  be 
conducted  more  rapidly,  the  brown  acid  (sp.  gr.  1.72)  being  admitted  at  the  top, 
and  the  oil  of  vitriol  (sp.  gr.  1.84)  drawn  off  by  a  platinum  siphon  from  the  bottom 
of  the  still,  which  is  protected  from  the  open  fire  by  an  iron  jacket.  But  since  a 
platinum  still  will  cost  £2000  or  £3000,  the  interest  upon  its  value  increases  the 
cost  of  production  of  the  acid. 

When  the  perfectly  pure  acid  is  required,  it  is  actually  distilled  over,  so  as  to 
leave  the  solid  impurities  (sulphate  of  lead,  &c.),  behind  in  the  retort.  Some  frag- 
ments of  rock  crystal  should  be  introduced  into  the  retort  to  moderate  the  bursts  of 
vapor,  and  heat  applied  by  a  ring  gas-burner  with  somewhat  divergent  jets. 

Divested  of  working  details,  this  most  important  chemical  manufac- 
ture may  be  thus  described  : 

A  mixture  of  sulphurous  acid,  air,  steam,  and  a  little  vapor  of  nitric 
acid,  is  introduced  into  a  leaden  chamber  containing  a  layer  of  water. 
The  nitrous  acid  is  reduced  by  the  sulphurous  acid  to  the  state  of  nitric 
oxide  (NO),  which  takes  up  oxygen  from  the  air  (forming  NO.,),  and 
gives  it  to  the  sulphurous  acid,  which  it  converts  into  sulphuric  acid. 
This  is  absorbed  by  the  water  forming  diluted  sulphuric  acid,  which  is 
concentrated  by  evaporation,  first  in  leaden  pans,  and  afterwards  in 
glass  retorts  or  platinum  stills. 

Properties  of  Oil  of  Vitriol. — The  properties  of  concentrated  sulphuric 
acid  are  very  characteristic.  Its  great  weight  (sp.  gr.  1.842),  freedom 
from  odor,  and  oily  appearance,  distinguish  it  from  any  other  liquid 
commonly  met  with,  which  is  fortunate,  because  it  is  difficult  to  preserve 
a  label  upon  the  bottles  of  this  powerfully  corrosive  acid.  Although,  if 
absolutely  pure,  it  is  perfectly  colorless,  the  ordinary  acid  used  in  the 
laboratory  has  a  peculiar  gray  color  due  to  traces  of  organic  matter.  Its 
high  boiling-point  (640°  F.)  has  been  already  noticed  ;  and  although  its 
vapor  is  perfectly  transparent  in  the  vessel  in  which  the  acid  is  boiled, 
as  soon  as  it  issues  into  tne  air  it  condenses  into  voluminous  dense  clouds 
of  a  most  irritating  description.  Even  a  drop  of  the  acid  evaporated 
in  an  open  dish  will  fill  a  large  space  with  these  clouds.  Oil  of  vitriol 
solidifies  when  cooled  to  about  — 30°  F.,  but  the  acid  once  solidified  re- 
quires a  much  higher  temperature  to  liquefy  it  again.  Oil  of  vitriol 
rapidly  corrodes  the  skin  and  other  organic  textures  upon  which  it  falls, 
usually  charring  or  blackening  them  at  the  same  time.  Poured  upon  a 
piece  of  wood,  the  latter  speedily  assumes  a  dark-brown  color;  and  if  a 
few  lumps  of  sugar  be  dissolved  in  a  very  little  water,  and  stirred  with 
oil  of  vitriol,  a  violent  action  takes  place,  and  a  semi-solid  black  mass  is 
produced.  This  property  of  sulphuric  acid  is  turned  to  account  in  the 
manufacture  of  blacking,  in  which  treacle  and  oil  of  vitriol  are  employed. 
These  effects  are  to  be  ascribed  to  the  powerful  attraction  of  oil  of  vitriol 
for  water.  Woody  fibre  (C6IIJ005)  (which  composes  the  bulk  of  wood, 
paper,  and  linen),  and  sugar  (C12H22On),  may  be  regarded,  for  the  pur- 
pose of  this  explanation,  as  composed  of  carbon  associated  with  5  and  11 
molecules  of  water,  and  an}*  cause  tending  to  remove  the  water  would 
tend  to  eliminate  the  carbon. 

16 
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The  urre.v  i    f,,r  wai-  MI  l.y  the  hi-i. 

pera'  n^  the  l>oi|in'_r-point  of  water)  produced  on  mix- 

oil  of  vitriol  \\ith  water,  which  renders  i'  ireful  in 

diluting  the  aeid.        • 

ll  1  be  placed  in  a  jut;.  "ll<1  flll>  "il  "f  vitriol  pour.-.!  int..  it  in  n  thin 

.  iter  aa  it  tl 

M  turbid  wlu-n  inix"<l  with  water,   fr-.tn  H  n  .-f 

iitite  of  lua-1  ill"  «'VH|M.V  -  .  wliirh  U  solubk  in  tli«- 

.ii.-«l  but  n»t  in  th,-  .1  it  if  UM   latter  be  allowed 

1   the  clear  acid   ron\ 

|,,,vir  I)iliitt»d  sulphuric  neid  ha«*  smaller  bulk  tli.-m  bocou 

acid  and  water  bofor 

i  when  largely  diluted,  sulphuric  aeid  oorodei 

rapidly,  and    i'ioii_-li    the   acid    lie  t  ..o  dilute  to  appear  to  injure   them  at 

tir-t,  it  will  lie  found  that   the  water  evaporates  by  degrees,  leaving  the 

in  a  more  concentrated  state,  ami  the  tiluv  is  then  perfectly  rotten. 

ill  CIIMICS  at  once  on  the  application  of  heat  ;  thus,  if  char- 

•ten   mi    paper  with   tin-   diluted   acid,  they  will   remain    in- 

•le    until  the  paper  i-  held  to  the    lire,  when    tin?   acid    will   ehar   the 

I  the  writing  will  appear  intensely  1.! 

If  oil  of  vitriol   lie  lei-  i  t««  the  air  in  an  open  vessel,  it  very 

n  inereases  largely  in    hulk   from  the  al.x,,rption  of  water,  and  a  Mat 

dish    of  oil  of  vitriol    under    a   glass 
_,12.  vhade    (Fig.  212)   is   fre.pienth 

ployed    in   the   lal  •!•  drying 

siil-  rhoiit    the   a>- 

heat.      The  drying  is  OJ  much 

i  era  ted  1>\  |  il  acini:  the  di-di  on  t  lie 
plate  of  an  air-pump,  and  exhausting 
the  air  from  the  shade,  so  | 
^        the   dr\  in_  .       1 1    u  ill    bi 

nieml.eied    ab  il  of  vitriol    is 

in  constant  u-c  for  drying  gases, 

\ '  a  red    heat,  the  vapor   of  oil   of 

Drying  over  vitriol  is  decomposed  into  water,  sul- 

phurous aeid,  and  oxygen — 

H  O.SO,  =  H,0  +  SO,  +  O. 

'  easily  when    the  vapor  i-  passed 

_di  a  strongly  heated  tui-e  of  platinum,  and  it  has  I. ecu  taken  ad- 
vantage of  for  the   preparation  of  oxygen,  the   sulphur-  I.ein^ 

-ed   gases  through   linn-.      I:  uj.on 

•.ed  that  the  o\\  -en  thus 
:iall\    derived  from  the  air. 

••oiled  with    nil  of  vitriol,  the    latter    gradually   dl§- 
the  melted  sulphur.  eon\ertiii'_:  it   into  -nlpln; 


8   -f    2(H,O.SO.)    =3SO,   -f    2H,O. 

All  ordii.  -eil    upon    l»y  eon.-eiit  rated    siilphnri'- 

when  1    platinum      t  his  la^t  e\  en    doe-.    m>t    <piite 

B  when  lon^  I. oiled  with  the  aeid),  the  nu-tal  lieim;  oxid 

i.  \\hieh  is  thus   eon\erted    into    snlplmroiix  :,,-id.  the 
.liinin^  with  a  tfl  of  the  sulphuric  aei-i  i  a  sul- 
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phatc.  Thus,  when  silver  is  boiled  with  strong  sulphuric  acid,  it  is  con- 
verted into  sulphate  of  silver,  which  is  soluble  in  hot  water — 

Ag2  +  2(H2O.S03)  =  Ag2O.S03  +  2H20  +  SO2. 

Should  the  silver  contain  any  gold,  it  is  left  behind  in  the  form  of  a 
dark  powder.  Sulphuric  acid  is  extensively  employed  for  the  separa- 
tion or  parting  of  silver  and  gold.  This  acid  is  also  employed  for  ex- 
tracting gold  from  copper;  and  when  sulphate  of  copper  is  manufac- 
tured bv  dissolving  that  metal  in  sulphuric  acid  (see  p.  232),  large 
quantities  of  gold  are  sometimes  extracted  from  the  accumulated  resi- 
due left  undissolved  by  the  acid.  If  the  sulphuric  acid  contains  nitric 
acid,  it  dissolves  a  considerable  quantity  of  gold,  which  separates  again 
in  the  form  of  a  purple  powder  when  the  acid  is  diluted  with  water,  the 
sulphate  of  gold  formed  being  reduced  by  the  nitrous  acid  when  the 
solution  is  diluted. 

Some  of  the  uses  of  sulphuric  acid  depend  upon  its  specific  action  on 
certain  organic  substances,  the  nature  of  which  has  not  yet  been  clearly 
explained.  Of  this  kind  is  the  conversion  of  paper  into  vegetable  parch- 
ment by  immersion  in  a  cool  mixture  of  two  measures  of  oil  of  vitriol 
and  one  measure  of  water,  and  subsequent  washing.  The  conversion  is 
not  attended  by  any  change  in  the  weight  of  the  paper. 

Beside  oil  of  vitriol,  sulphuric  acid  forms  other  definite  combinations 
with  water.  By  evaporating  diluted  sulphuric  acid  in  vacuo  at  212° 
F.,  an  acid  is  left  which  has  the  composition  H2O.SO3.2H20  (sp.gr.  1.63). 
If  this  acid  be  evaporated  in  air  at  400°  F.,  as  long  as  steam  escapes, 
the  remaining  acid  has  the  composition  H2O.S03.H2O  (sp.  gr.  1.78). 
This  acid  is  called  glacial  sulphuric  acid,  because  it  solidifies  to  a  mass 
of  ice-like  crystals  at  47°  F. 

145.  Anhydrous  Sulphuric  Acid  or  Sulphuric  Anhydride. — The  mode 
of  preparing  this  substance  from  the  fuming  sulphuric  acid  has  already 
been  noticed.  It  is  more  commonly  obtained  by  expelling  the  water 
from  bisulphate  of  soda  (Na2O.H2O.2S03)  by  fusing  it  at  a  dull  red  heat, 
and  afterwards  distilling  the  anhydrous  bisulphate  (Na20.2SO.J  in  an 
earthen  retort,  when  neutral  sulphate  of  soda  (Na2O.SO3)  is  left,  and 
the  anhydrous  sulphuric  acid  passing  otf  as  vapor  may  be  condensed  in 
a  receiver  cooled  by  ice. 

Anhydrous  sulphuric  acid  forms  a  white  mass  of  crystals  resembling 
asbestos;  it  fumes  when  exposed  to  air,  since  it  emits  vapor  which  con- 
denses the  moisture  of  the  air,  and  it  soon  deliquesces  from  absorption 
of  water,  becoming  hydrated  sulphuric  acid.  When  thrown  into  water 
it  hisses  like  red-hot  iron,  from  the  sudden  formation  of  steam.  It 
fuses  at  65°  F.,  and  boils  at  110°  F.  The  vapor  is  decomposed,  as 
mentioned  above,  into  sulphurous  acid  and  oxygen,  when  passed  through 
a  red-hot  tube.  Phosphorus  burns  in  its  vapor,  combining  with  the 
oxygen  and  liberating  sulphur.  Baryta  glows  when  heated  in  the  vapor 
of  anhydrous  sulphuric  acid,  and  combines  with  it  to  form  sulphate  of 
baryta. 

Anhydrous  sulphuric  acid  is  capable  of  combining  with  olefiant  gas 
(C2H4)  and  oil-gas  (C4H8),  and  absorbs  these  from  mixtures  of  gases. 
In  the  analysis  of  coal-gas,  a  fragment  of  coke  wetted  with  Nordhausen 
sulphuric  acid  is  passed  up  into  a  measured  volume  of  the  gas  standing 
over  mercury,  to  absorb  these  illuminating  hydrocarbons. 

An  interesting  method  of  obtaining  the  anhydrous  sulphuric  acid 
consists  in  pouring  2  parts  by  weight  of  oil  of  vitriol  over  3  parts  of 


8ULPIIATE8. 

:ui!  1.  c..ntained  in  :i  r-  • 

•Is  distilling  at  a  gentle  heat,  whm   tin-   ph«>sp|,, 
dot  then  i  tin-  anh\dr«>us  Mdphuric  .n  id  m:i\  be  oondti 

in  a 

I 

grain*  (one  at<  '    <>f  «ulph  .  .;n-  with  niir: 

exceM  of  nitri.  ,.-d  hy  n  n  ,:,::>-  h  \ -1;  ;r.-.i  -ulphuric 

rains, 
and  all  the  water  expelled  hy  a  hi-l  -UP-  <>i  Milphat-- 

;ul  which  i*  left  i-  t'liuii'l  to  w.-i^h  :is"  ,t  82  parts  of  Milplmr 

••ined  with  oxygen  fr-.in  tli.  -D grains  of  sulphuric 

Milphuric  DI  <>f  .uiphiir  and  48 grains  • 

und  to  bo  48  times  a*  heavy  as  hydrogen,  which  wouM  -jive 

•r  iu  molecular  weight  (p  69).    Hy  treating  a  kn..wn  w.-i^la  of  <>il  of  vitriol 

with  an  <'xe»'«.s  ofoxulrof  li-n-l,  HM<|  i-.\|>.-lliti^  th.-  WMI-T  hy  hi-at.  it  i.-.  f.Min.l  that  80 

Sn.-.I  with  18  Drains  of  water.      11  >t°  vitriol  contain* 

',.      Its  vapor,  th-r.-for--.  -houl.l  he  4'.<  tinifs   a- 

-h..w«   it  to  1 n!\   L'l  tini'-'  !i>  h.-avy  (at  88l)°  F  (Kiars  to  b'- 

to  tin-  tfiiifiorary  «l«*compo«ition  (or  dia*o<-  triol 

into  two  volumes  of  \vati-r  HIU!  two  vohmi<-s  of  ^iil|>huri>  i|  deprive*  US  of 

ial  c\  idi-ncc  a-  to  the  \n».  ^ht  of  a  compound. 

unining  the  b«-h  II  of  vitriol  with  oatUUO  potash  <M  -found 

that  two  salts  of  each  alkali  in  ,nd  a  hi-ulphate  ;   tin. 

Milphate  of  p,.'  und    th.-' 

K  i!<  >.-.  .        '•    KM-'  '  that   t'h-    t  .  and 

that  '  M  of  hydro^.-n  mu»t  he  contain.-.!  in  the  in,,],-,    , 

:    vitriol.      The  ]  th--,e  two  i.laceahle  l»y  a  n 

i.-.l  by  saying  that  tl.  :ri-d  i»  a  >/<>>i<i<'  or  // 

!»''..•  -  \letaUic  0  "les 

At  common  triii|>«-r:it  tires  siilphnri.-  nci-l  \\:\*  :i  III..IT  powi-rfnl  at  tract  imi 
for  bases  tliuii  :uiy  otlu-r  arid,  and  j.  tlu'ivf.iiv  .-:»|.:i»i|i-  ..f  di-|. lacing  all 
Other  arid-  IV.. m  their  salts;  many  cases  will  !•••  remnnlM-n-.l  in  \\hi.-li 
this  jmwer  «>t'  siiljihnrir  a--id  i-  turned  t«»  ncronnt. 

So  great  is  tin-  acid  energy  of  sulphnrie  acid,  that  when  it  is  allowed 
to  net  iipiin  an  indiMeivnt  «r  acid  metallic  «»xi-le.  i'  ;-aratinn 

of  a  part  of  the  oxygen,  and  «-«.ml»ines  with  th>  M  pr«i,|i; 

Ad\a:it:i_:c  i-  •>«  .met  imes  taken  of  thU  «  it  cninstance  for  the  pn-parat  i«»n 
of  oxygen;  for  instance,  when  l>in«.\id«-  nf  ma  -  heated  with  sul- 

phurie  acid,  sulphate  of  raangane-c  i-  |n  »dn,-ed.  and  oxygen  disengaged. 

MnO,    '+     H,O.SO,  MnO.SO,    +    O     +     H,O. 

Again,  if  ehromie  acid  I.e  treated  in  the  M  of  se-(|iii- 

:nium  will  I.e  produced,  \\ith  lil.erati'.n  of  oxygen — 

2CK).    -f  <>,)  0       t      O,    -f-    3H.O. 

\  of  l.ichn.mate  ,,f  |  ;ind  sulphuric-  acid  is 

Many  bases  are  capable  <>t'  fora  -ii  vulphuric  acid,  a 

in-lit  i  al  sulphate  and  | 

resented  AS  com  pounds  of  the  neutral  sulphate*.  \\  it  h  ludrated  sulphuric 
;tral  sulphate  <.f  p..ta-h  i-.  1\  id  the  l»isul|)hate 

'!!''-.>  ,;,  uhich  : 

dphurie  ac..|.  i-,  moat 

Useful  in  blowpipr  and  metallui  .                                                                           ln-ate«l. 
this  N.-ilt  part,  \\ith  hsdratcd  sulphuric  n.-id.  and  neutral  sulphate  of 
ash  in  lert.     It  has  B  that  l.isulph  
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parts  with  its  water  when  heated,  and  becomes  Na20.2S03.  Crystals 
of  anhydrous  bisulphate  of  potash  K20.2SO3  have  also  been  obtained. 

Sulphuric  acid  forms  a  large  number  of  double  salts  in  which  two  sul- 
phates are  combined  together.  The  large  class  of  alums  yields  examples 
of  these,  in  which  one  of  the  sulphates  contains  an  alkaline  base,  and 
the  other  a  basic  sesquioxide.  Potash-alum,  for  example,  is  represented 
by  the  formula  K2O.S03,Al2O3.3S03.24Aq,  being  a  double  sulphate  of 
alumina  and  potash. 

The  following  table  exhibits  the  composition  of  the  sulphates  most 
frequently  met  with : 


Chemical  Name. 

Common  Name. 

Additive  Formula. 

Substitutive  Formula. 

Sulphate  of  potash. 
Sulphate  of  soda. 
Bisulphate  of  potash. 

Sal  polychrest. 
Glauber's  Salt. 

K2O.S03. 

Na,O.SOs.10H20. 
K2O.S03,'H2O.S03. 

K2S04. 
Na,SO4.10H2O. 
KHS04. 

Sulphate  of  ammo-  1 
nia.                          j 

2NH3.H2O.S03.             (NH4)2S04. 

Sulphate  of  baryta. 
Sulphate  of  lime. 

Heavv  spar.        BaO.SO,. 
Gypsum.              CaO.SO3  2H2O. 

BaS04. 
CaSO4.2H2O. 

Sulphate   of    mag-  1 
nesia.                       j 

Epsom  salts. 

MgO.S03.7H20. 

MgS04.7H20. 

Double  sulphate  of  ^ 
alumina  and  pot-  I 
ash.                          J 

Potash-alum  -j 

K2O.S03.                   l 
AI203.3S03.24H20.  f 

KA12S04.12H20. 

Double  sulphate  of  ~\ 
alumina  and  am-  l 
monia.                    J 

Ammonia-     ( 
alum.          \ 

2NH3.H2O.S03,        \ 
A1203.3S03.24H20.  / 

NH4A12S04  12H20 

Double  sulphate  of  } 
chromium      and  [ 

Chrome-          f 
alum.           \ 

KgO.SO,,                   \ 
Cr,O..8SO8  24H20.  / 

KCr2S04.12H20. 

potash.                    J 

23                 o                 1            * 

Sulphate  of  iron.     -| 

oS££**}|  «"*«*>• 

FeS04  7H20. 

Sulphate  of  manga-  V 
nese.                        J 

MnO.S03.5H20. 

MnS04.5H20. 

Sulphate  of  zinc. 

White  vitriol.  :  ZnO.SO3  7H20. 

ZnSO4.7H20. 

Sulphate  of  lead. 

!  PbO.S03. 

PbS04. 

Sulphate  of  copper.  -< 

i!^±f}p»O.SO,.6H/). 

CuS04.5H20. 

In  consequence  of  the  tendency  of  sulphuric  acid  to  break  up  into 
sulphurous  acid  and  oxygen  at  a  high  temperature,  most  of  the  sul- 
phates are  decomposed  by  heat ;  sulphate  of  copper,  for  example,  when 
very  strongly  heated,  leaves  oxide  of  copper,  whilst  sulphurous  acid  and 
oxygen  escape;  CuO.S03  =  CuO  +  S02  +  0.  Sulphate  of  iron  is  more 
easily  decomposed,  because  of  the  attraction  of  the  protoxide  of  iron  for 
the  oxygen,  with  which  it  combines  to  form  sesquioxide — 


2(FeO.S03)     =     Fe203 


SO2    +     SO, 


part  of  the  acid  escaping  in  the  anhydrous  state. 

Sulphate  of  zinc  (ZnO.S03)  has  been  proposed  as  a  source  of  oxygen 
upon  the  large  scale,  since  it  is  a  very  cheap  salt,  and  when  strongly 
heated,  yields  a  residue  of  oxide  of  zinc  which  is  useful  as  a  white  paint, 
whilst  sulphurous  acid  and  oxygen  gases  escape,  the  former  of  which 
may  be  absorbed  by  lime  or  soda,  yielding  sulphites  which  are  useful 
in  the  arts. 


lM'»  IIYI'oM'M'IIITB    OP    SODA. 

. 
oxide  of  lead  arc  i  npoted  b  .-1  -ulphii1  ia  is 

•mpo,,-d   at   :i  \er\    hj.jh  ten, 
When     :i    sulphate    i-    he.-itrd    \\itli    eh.-uv.  ,:(  |.   t  In-    earl-oii    rOBOTM    the 

whole  of  the  oxygen,  and  a  sulphide  of  t  In    nn-i:il  remains,  thus  — 
K,O.SO,  <***•**  A*u*)   -I-    C4  =    K,S  a*lpki*<tfP*a**m)   +    4CO. 


,  :it  a  hi'_'h  temperature.  effects  a  similar  decomposition. 

i  In-  ordi'  '  'in*,   sulj  imc    in   •.••lution    is 

BOmetiin  ii/ed    |,\-    organic    mattei  :     this    uia\    (M-r:i>i..n:ill;, 

notirrtl  in  \\cll  and  rixvr  waters  whrn  k«-j.t    in   closed   vessi-N  :    tlu-\ 
<|iiirr  a  -.troii^  snu-ll  i.t'  liydr«>Mil|»ln.  ,uriirr  «»f  tin-  . 

version  <-t'a  |>:irt  nftlic  ^ul|.liatf  of  linn-  into  >nl|»liidc  «»!'  calcium  l-y  the 
organic  constituents  of  tin  <nl  the  su!.-c,[iiriit  <lcc.Mn|M,>-it  i.<n  ..t' 

the  siil|ihidi'  of  calcium  l»y  the  carhoutc  acid  pi«-«  ut  in  the  water. 


M7.    //'//"'.-'///'A'//  V  —  This  acid   ha-  n«>t  heen  nl.tained   either 

in  the  aiiliyili-"iis  -.tui,-  ,>\-  \\}  eomliinal  i«>n  with  water;   luit  a>  many  -alts 
are  known  which  contain,  in  addit  i«»n   t<»   a    nietnllic   <>\i.le,  sul|»hur  and 
oxygen  in  the  |iro|...rti«.n>  »-\|.re>>.«Hl    l.y  the   r..rmula  SO.  many  «•! 
istS  assume  the  existence  <»f  h\  |i"->ul|iht;  'hat   e..iiij 

in  such  salts,  which  are  theivn.iv  ealle-1  A'//.»».<i//y.'- 

The  /////-  -  l-\    far  the  mo^t  import  ant  of  these  salts, 

rery  largely  employed   in  pliotoi^raphy,  and  as  a  sui>-titi:ie  lor 

^ulphite  of  s.  ,:et  hod  <•!'  j.repai  ing  it 

MLr  p'-wdered  roll  sulphur  v\  itli  >«>luti«»n  of  sulphite  of 
8Od:i  when  the  latter  di--i>lvr>  an   at«>m  of  sulphur  and    l>e- 

COnie-    h\  |H»ulphite  <.t'  >i.da  (  \      '  •  ^  <  >  '•  hieh    ••ry-ta! 

from  the  SOlatlOD,  When    Millleientlx  O    tine   pri-matii-   01 

tals,  having  the  formula  Na.S/  > 

On  a  large  scale,  the  hyposulpli  i;t  is  nn-re  (((.nomical 

pared   from  the  hyposulphite  of  lime   nMainrd    I  fbtC 

..f  the   all.  [t   t«.  the  air  tor  some  .1 

This  refuse  contains  a  large  pr..|...rtion  of  snlph.  l.'inm.  which 

becomes  con  vert  e<l  into  hyposulphite  of  linn-  I,  .,n  — 

2CaS    +     O4    =     CaS,O,    -f     CaO. 

'ivposiilphite  of   linn-  i-  ution 

mixed  with  carl)onate  of  soda,  when  •  :irt'«.n:ite  of   lime   is   precipit:* 
and  h\  postilphite  of  soda  i'  ;tion  — 

CaSfO,    -f     Na,O.CO,    =     CaO.CO,    + 

iarkable  and  useful  prop(-n\  oftb€  h\  p"sMlph  • 
is  that  of  dissolvin-  the  chloride  :md  io.lid'i-  .  wnich  are 

Me  in  water  and  most  other 


im. 
;j»itiit«'  of  .  i-    tiiticli    j.r..- 

[     ',  \    • 

lowed  to  .-  • 

dlMolved'.  -n  int.-ri-  !.  djfMMllph 

1    j-t,  mmdtr,  conUloiOf  lev  oxrgru  than  tulphurotu  add. 
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silver,  produced  by  double  decomposition  between  the  chloride  of  silver  and  hypo- 
sulphite of  soda — 

2AgCl        +        Na2S203        =        2NaCl         +         Ag2S2O3 

Chloride  of  Hyposulphite  of  Chloride  of  Hyposulphite  of 

silver.  soda.  sodium.  silver. 

The  hyposulphite  of  silver  combines  with  the  excess  of  hyposulphite  of  soda  to 
form  the  double  salt  Ag^,O8.2(NasS2O8),  which  may  be  obtained  in  extremely  sweet 
crystals  from  the  solution. 

If  the  other  portion  of  the  chloride  of  silver  be  exposed  to  the  action  of  light, 
and  especially  of  direct  sunlight,  it  assumes  by  degrees  a  dark  slate  color,  from  the 
formation  of  subchloride  of  silver,  chlorine  being  set  free;  2AgCl  =  Ag2Cl  -f-  Cl. 
By  treating  this  darkened  chloride  of  silver  with  hyposulphite  of  soda,  as  before, 
the  unaltered  chloride  of  silver  will  be  entirely  dissolved,  but  the  subchloride  will 
be  decomposed  into  chloride  of  silver,  which  dissolves  in  the  hyposulphite,  and 
metallic  silver,  which  is  left  in  a  very  finely  divided  state  as  a  black  powder  ; 
Ag2Cl  =  AgCl  -+-  Ag.  The  application  of  these  facts  in  photography  is  well  illus- 
trated by  the  following  experiments.  A  sheet  of  paper  is  soaked  for  a  minute  or 
two  in  a  eolation  of  10  grains  of  common  salt  in  an  ounce  of  water  contained  in  a 
flat  dish  It  is  then  dried,  and  soaked  for  three  minutes  in  a  solution  of  50  grains 
of  nitrate  of  silver  in  an  ounce  of  water.  The  paper  thus  becomes  impregnated 
with  chloride  of  silver  formed  by  the  decomposition  between  the  chloride  of  sodium 
and  the  nitrate  of  silver.  It  is  now  hung  up  in  a  dark  place  to  dry.  If  a  piece  of 
lace,  or  a  fern  leaf,  or  an  engraving  on  thin  paper,  with  well-marked  contrast  of 
light  and  shade,  be  laid  upon  a  sheet  of  the  prepared  paper,  pressed  clown  upon  it 
by  a  plate  of  glass,  and  exposed  for  a  short  time  to  sunlight,  a  perfect  representa- 
tion of  the  object  will  be  obtained,  those  parts  of  the  sensitive  paper  to  which  the 
light  had  access  having  been  darkened  by  the  formation  of  subchloride  of  silver, 
whilst  those  parts  which  were  protected  from  the  light  remain  unchanged. 

But  if  this  photographic  print  were  again  exposed  to  the  action  of  light,  it  would  I 
soon  be  obliterated,  the  unaltered  chloride  of  silver  in  the  white  parts  being  acted 
on  by  light  in  its  turn.     The  print  is  therefore  Ji.red  by  soaking  it  for  a  short  time 
in  a  saturated  solution  of  hyposulphite  of  soda,  which  dissolves  the  white  unaltered 
chloride  of  silver  entirely,  and  decomposes  the  subchloride  formed  by  the  action  of 
light,  leaving  the  black"  finely-divided  metallic  silver  in   the   paper.      The  print) 
should  now  be  washed  for  two 'or  three  hours  in  a  gentle  stream  of  water,  to  remove 
all  the  hyposulphite  of  silver,  when  it  will  be  quite  permanent. 

The  power  of  hyposulphite  of  soda  to  dissolve  chloride  of  silver  has 
also  been  turned  to  account  for  extracting  that  metal  from  its  ores,  in 
which  it  is  occasionally  present  in  the  form  of  chloride. 

The  behavior  of  solution  of  hyposulphite  of  soda  with  powerful  acids 
explains  the  circumstance  that  the  hyposulphurous  acid  has  not  been 
isolated,  for  if  the  solution  be  mixed  with  a  little  diluted  sulphuric  or 
hydrochloric  acid,  it  remains  clear  for  a  few  seconds,  and  then  becomes 
suddenly  turbid  from  the  separation  of  sulphur,  at  the  same  time  evolv- 
ing a  powerful  odor  of  sulphurous  acid ;  S202  =  S  -f  S02.  This  dispo- 
sition of  the  hyposulphurous  acid  to  break  up  into  sulphurous  acid  and 
sulphur  also  explains  the  precipitation  of  metallic  sulphides,  which  often 
takes  place  when  hyposulphite  of  soda  is  added  to  the  acid  solutions  of 
the  metals.  Thus  if  an  acid  solution  of  chloride  of  antimony  (obtained 
by  boiling  crude  antimony  ore  (Sb.,S.,)  with  hydrochloric  acid)  be  added 
to  a  boiling  solution  of  hyposulphite  of  soda,  the  sulphur  separated 
from  the  hyposulphurous  acid  combines  with  the  antimony  to  form  a 
fine  orange-red  precipitate  of  sulphide  of  antimony  (Sb2S3),  which  is 
used  in  painting  under  the  name  of  antimony  vermilion.  On  the  large 
scale,  the  solution  of  hyposulphite  of  lime  obtained  from  the  alkali  waste 
is  employed  in  the  preparation  of  antimony  vermilion,  as  being  less  ex- 
pensive than  the  soda-salt. 

Instead  of  adding  sulphur  to  sulphurous  acid,  hyposulphurous  acid 
in  combination  may  be  obtained  by  removing  oxygen  from  the  former 


-I"  MTHIoMf     40IB, 

•:!•»   solution   (,f    sill;  bi     actc<|    <>n     1  iy 

•    tin-  aci<i  ii/.e'l  an-l 

phurou*  arid,  which  < ilu'nes  witli  tin-  Ozlck  "I'/inc — 

3SO,    -|-     Zn,    =    ZnO.SO,    4-     ZnS,Or 

Tin-  presrnee  «.f  hyposulphite  in  the  solution  may  In-  pn.ve.l  l.y  a«l«lin^ 
hsiliochloric  aei.l. 

!•  of  hyposulphite  i»f  soda  are  heated   in  the  air.  they 
first  fuse  in  their  ITAt  .  stalli/a!  ion.  then  dry  up  to  a  white  mass, 

which    hums  with   a   l>lne   flame,  leaving  a   iv-iilm-   of  >u!phate  of  soda. 
If  hcatc.l  out  of  eontaet  with  aii\  pcntaMilphide  of  sodium  will  1 
with  the  sulph.v  la — 

\a,S,0,5H,0)    =    20H,0    +     3(Na,O.SOs)    +     Na^S,. 

M  of  the  reactions  of  hyposulphite  of  soda  become  mon-  intelligi- 
ble when  the  salt  is  rcprc-mtc.l  as  sulphate  of  soda  which 
an  atom  of  sulphur  has  displaced  an  atom  of  oxygen  (N 

148.  Hypnnulph •••  II  ^  ( >,.    luis  rx-t  at  prenont  acquired  any 
.1  imjiortunr*',  and  has  not  been 

a  solution  of  the  »«  i-1.  hinoxidc  of  mnnganeso  in  a  suite  <>t  i.  is  suspended 

-od  to  a  cnrr.-nt  »f  .-nl|.liiir< ai-  :u-id  ga«,  the  wnter  being  k< 

cold  whilst  •  A  solution  of  )iypo«ulphtitt>  of  mant;atiosi>  i»  tliii-* 

MnO,  =  MnS.O,.      -          lafpluitc   ••!'  -••  is  always 

forni-l    :i(   t  '         1.80       mid   if   tin-    tiMiip.-riitun-   'l.«. 

allowed  t«i  risi-,  this  will  h«>  produced  In  Mffl 

j.lnit--  ninl  hyposulpliHte  of  manganese  is  decomposed 
:i.'H  of  h:r  ;i-water),  wh«-n  tin-  oxidi-  of  in«inrain-«'  i>  pr«-ci ; 

i-  with  »ul|  .  ryta.  and  hypo-ulphnti*  of  Imryta  is  l«-ft  in  solution.    To 

>luti»n  diluted  sulpli  I  until  all   tlx-  I 

tilted  as  sulphat< 

i-ffan-l  lofvitri"!       I  lorless  inodorous  liijuid, 

which   is  d«-compo*«>d   wln-n  li.-Mt-.l.  int<>  li\ -dratcd  culphuric  and  nulphurou- 
UfJ\  =  HjO  SO,  4-  8Or     Oxidizing  agent*  (nitric  aci.l,  chlorin.-,  Ac.  i 
it  into  sulphuric  aria. 

Tin-  A »//*'.•"< //'/i'//'*  "re  n.'t  of  nny  prHdical   iinportm..  ''lo,  and 

are  decomposed  by  heat,  leaving  sulphates,  and  evolving  sulphurous  a<  M. 

149.  Tritf'  II   ^  <>(),  or  *ntpl>nrrt' 
cally  iitiiinportHia  i^n.«\vn  iri  tin-  :inhylr 

potash,  which  .  n^  ,-oluti. 

-ul|,lii-  with   sulplmr  until    the-  .-less,  and   ii 

the  hot  solution  from  i  -Ived  sulphur — 

8(K,O.H,O.28O,)  -f-  8  =  2(Kf8,Ot)   -f 
Bbulphite  of  poUuh.  Trithiooate  of  poU»h. 

The  solution  deposiU  trith innate  of  potash   in   ;  ilvin^ 

these  In  water,  and  d<  IM  |*ota-h  is 

i»  per.-lilomt.-,  nnil  a  winch 

• 

being  easily  resolved  into  .ulj  tmrou-  aci.l.  -\\\\  •.  and  free  sulphur — 

II  <,o.     „     H.O.SO,    +     80,    +    8. 

160     /  BJB4O|        •    '    •  T  more 

1  • 

I  in  a  lilt.  treated   with 

iodii  trathionat-  •  un..l  in  crystalf — 

2(8.8,0,)  .     4-     Ba840r 

HM.M.il|  i.ato 

Ur  of  ».., 
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By  exactly  precipitating  the  baryta  from  a  solution  of  the  tetrathionate  by  addi- 
tion of  diluted  sulphuric  acid,  the  solution  of  tetrathionic  acid  may  be  obtained. 
When  the  solution  is  boiled,  it  is  decomposed  into  sulphuric  and  sulphurous  acids 
and  free  sulphur ;  H,S4O6  =  H2O.SO3  -f  SO2  -f  S2. 

When  solution  of  perchloride  of  iron  is  added  to  hyposulphite  of  soda,  a  fine 
purple  color  is  at  first  produced,  which  speedily  vanishes,  leaving  a  colorless  solution. 
The  purple  color  appears  to  be  due  to  the  formation  of  the  hyposulphite  of  sesqui- 
oxide  of  iron,  which  speedily  decomposes,  the  ultimate  result  being  expressed  by  the 
equation — 

Fe2Cl6    -{-    2(Na2S203)     =     Na2S4O6    -f     2FeCla    +     2NaCl. 

Perchloride          Hyposulphite          Tetrathionate        Chloride  of         Chloride  of 
of  iron.  of  soda.  of  soda.  iron.  sodium. 

151.  Pentathionic  odd  (H2S5O6)  possesses  some  interest  as  resulting  from  the  action 
of  sulphuretted  hydrogen  upon  sulphurous  acid,  when  much  sulphur  is  deposited, 
and  pentathionic  acid  remains  in  solution — 

5H2S    +     5S02    =     H2S506    +     4H20    +     S5. 
Pentathionic  acid. 

To  obtain  a  concentrated  solution  of  the  acid,  sulphuretted  hydrogen  and  sulphurous 
acid  are  passed  alternately  through  the  same  portion  of  water  until  a  large  deposi- 
tion of  sulphur  has  taken  place.  This  is  allowed  some  hours  to  settle;  the  clear 
liquid  poured  off  and  the  solution  concentrated  by  evaporation,  first  over  a  water- 
bath,  and  finally,  in  vacua,  over  oil  of  vitriol,  for  a  concentrated  solution  of  pentathi- 
onic acid  is  decomposed  by  heat  into  sulphuric  and  sulphurous  acids,  with  separation 
of  sulphur  ;  H^Og  =  HjO  SO3  -f-  SO2  +  S3. 

The  true  constitution  of  the  preceding  (polythionic]  acids  is  not  yet  understood, 
but  it  may  assist  the  memory  to  retain  the  usual  mode  of  decomposition  ot  the  acids 
if  they  are  represented  as  derived  from  oil  of  vitriol  by  successive  additions  of  sul- 
phurous acid  and  sulphur,  thus — 

Oil  of  vitriol,  H2O.S03  =  H2SO4 

Hyposulphuric  acid,  H2O  SO3.SO2       =  H2S2O6 

Trithionic  "  H2O.SOS.SO2.S  =  H2S3O6 

Tetrathionic         "  H2O.SO3  SO2.S2  =  H2S4O6 

Pentathionic        "  H2O.SO3  SO2  S3  =  H2S5O6 

BISULPHIDE  or  CARBON. 

CS2  =  76  parts  by  weight. 

1 52.  This  very  important  compound  (also  called  bisulphuret  of  carbon) 
is  found  in  small  quantity  among  the  products  of  destructive  distillation 
of  coal,  and  is  very  largely  manufactured  for  use  as  a  solvent  for  sul- 
phur, phosphorus,  caoutchouc,  fatty  matters,  &c.  It  is  one  of  the  few 
compounds  of  carbon  which  can  be  obtained  by  the  direct  union  of 
their  elements,  and  is  prepared  by  passing  vapor  of  sulphur  over  char- 
coal heated  to  redness. 

In  small  quantity,  bisulphide  of  carbon  is  easily  prepared  in  a  tube  of  German 
glass  (combustion-tube)  about  two  feet  long  and  half  an  inch  in  diameter  (Fig.  213). 

FIG.  213. 


This  tube  is  closed  at  one  end,  and  a  few  fragments  of  sulphur  dropped  into  it,  so 
as  to  occupy  two  or  three  inches.     The  rest  of  the  tube  is  filled  up  with  small  frag- 
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menu  of  m  ned  wood  charcoal.     The  tube 

;.««n  end  connected  by  :h   a  jrln-- 

dip-  ju-t   ln-!ow    tin1  -iirln t    wnt«T  <  ••  •!,  t  :i ;  TI  >•'!   ;M 

in  H  veMel  of 

is   fir-1  •••«!    with    r  .    and 

-.  i-  h.'at.-d  t"  ri-dnoKS,  a  little  red-hot  char- 

phur 

,  hiih.Tto   }  run   scr.-.-i 

that  tlf  v:ipor  of  sulphur  nmv  b«?  slowly  passed 
The   bisulphide   of 
^in»<iliibli>in  wat'-r.  Hii.l  much  li 
1  L'7),  is  d<»|H>-ii.  <l    b.-nrath  tin-  wat.-r   in 

!      purify  tin-  bi-ulphi«l. 

tli«-  water  ami   the  exce-s  «.f  Milphur  whi<  h 
i»  deposited  with  it,  the  WMter  is  can-in! '.y 
oil*  with  H  -mull  «iph»n,  th«»  bisulphi.! 
transferred   to  a  i  a  l'«>w   I: 

chlot  .1  into  it  to  Mh-orb  the 

w,ater.     A    '  t«nl  with  a  Liebig'n  ••  :ti  a  w..rin,  is  at- 

••'  t)i«-  Ha- 1.  .  and  the  fla*k  U  gently  b 

a  water-twill,  when  the  bi>ulphi.l«-  ..('  cnrbun  i^  .li-iill.-d  ,,v«-r  as  a  perfectly  t-olorl«^« 
liquid.    The  inflammability  renders  gr>  cttary. 

On  :i  l:iri:«-  >c:il«-.  a  lirr-cl:iy  rn«.n   i-  tillr.l  \\iih  f'i:, 

llr:il.-.l   tn   Ir.llu-SS,  piect'8  of  Hlllplllir  Iwilli:    <'«-i-:ixi«in:illv  «lrn|>l'nl    ill 

dog  to  the  bottom  of  the  retort,    \viu-u 

:irj^e  quantities  arc  m:t>i  -  riii]>l<.\  c«l.  ami  tin-  \a|."i-  of  sul- 

phur  is   olitaincd  iVniu  irmi  pyritr>.     Tin-   M^tilphidc  <>t'  »-:irl...n 

\«-ry  KMiiaikalilc  pniprrt  irs  :    it   i-  a  \t-ry  l.rilliant  li 

the  lijjht  p.-issino;  tlirmio)i  which  i>  partly  ilrrninpnMMl  into  its  i-<>\\\\ nit 

(•••lorcd  raja  l'»-r..rr  it   n-adir-  tin-  ryr.      T|n->f  i  an-  ili-|i<>ii(li'iit 

upon  itn  ||j._;|i  n-lVartix.-  and  ili-prrsivt-  pownx.  which  arc  turned  to  great 
advantage  in  optical  c\pcrin  .  .  ially  in  .  \\hcrc 

,tlie  riiy-    rnianatino;  froin  d  tlainc  arc  analwcd  liy  pa--inur   them 

through    a  pri-niatic    l.ottU-  h'lh'd  with  hi-ulphidc  l.f  carl-.n.      It    i-   aU«> 
hi-_;ld\   -//"  .  'hat  is,  itnll«>\\-  rays  of  heat  t<>  pass  thnm^li    it 

with    comparatively  lit  t  le  loss,  BO   that   it'  it   l«c  rendered  ..paqiic   \« 
-«.l\inur  i,,,lim.  in  it.  the  rays  «.f  liU'ht   »-inanatin^  from 
may  he  arrested,  whilst  the  cal..riti<-  ill..\\cd  t..  pa- 

has   in  ind  is   tin  mplOyed  in  therm. .meters    r,,r 

roeasurinu'  refj    l«»\v  t.-m;  r.i>nlpliide  nf  cail.cn  i-  a  \ciy  vola- 

tile li.piid.  icadih   a--nminur  the  l«.nn  ••!    \:ip..r  at  the  ordinan  tempera 
•  nd  lioiliu^   at    11^..       I  .      [tl   rapOT,  wlu-ii    diluted  \\ith  air.  lias    a 

,    iiili.r   nf  snlplmrettcd    h\  di '-u-cn.  l.nt 
the  smell  at  the  month  ..r  the  )«>ttle  d  and  not  nnplea- 

-tipid  evaporation  of  bi-ulpbi<li»  of  cur)>on  i-.  ..f  i-otir  ve  of  great 

cold.     If  a  few  drop*  I'                                       ..i--  an<l  blown  -oon  pa«s  off 

>r,  and  th-                                         ;\AM  u  *o  •  of  tln> 

breatn  conden«es  upon  it  in  :  m  tl><> 

imriJ.      If  n  i;lii.»  ph.'  M  containing 

• 

tulM-.  tin.-  wali-h-^lii»»  will  b«-  fro/.-n  mi  t.»  t!.  ••  lift.-«l 

•  •n  is  ev  inllammal.le  ;    it  t:, 

a    temperature   far  l>elo\\   that   re.piired  to    intlame   ordinary  comlmst il.le 
1  Imriis  with  a  liri^ht   l-lue  Maine.  jip"luc::  iid  snl- 
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phnrous  acids  (CS2  +  O6  =  C02  +  2S02),  and  having  a  great  tendency 
to  deposit  sulphur  unless  the  supply  of  air  is  very  good. 

If  a  little  bisulphide  of  carbon  be  dropped  into  a  small  beaker,  it  may  be  inflamed 
by  holding  in  its  vapor  a  test-tube  containing  oil  heated  to  about  300°  F.,  which  will 
be  found  incapable  of  firing  gunpowder  or  of  inflaming  any  ordinary  combustible 
substance. 

The  abundance  of  sulphur  separated  in  the  flame  of  bisulphide  of  carbon  enables 
it  to  burn  iron  by  converting  it  into  sulphide.  If  some  bisulphide  of  carbon  be 
boiled  in  a  test-tube  provided  with  a  piece  of  glass  tube  from  which  the  vapor  may 
be  burnt,  and  a  piece  of  thin  iron  wire  be  held  in  the  flame  (Fig.  215),  it  will  burn 
with  vivid  scintillation,  the  fusible  sulphide  of  iron  dropping  off. 

The  vapor  of  bisulphide  of  carbon  acts  very  injuriously  if  breathed 
for  any  length  of  time,  producing  symptoms  somewhat  resembling  those 
caused  by  sulphuretted  hydrogen.  Its  poisonous  properties  have  been 
turned  to  account  for  killing  insects  in  grain  without  injuring  it. 

The  chief  applications  of  bisulphide  of  carbon  depend  upon  its  power 
of  dissolving  the  oils  and  fats.  After 
as  much  oil  as  possible  has  been  ex- 
traded  from  seeds  and  fruits  by  pres- 
sure, a  fresh  quantity  is  obtained  by 
treating  the  pressed  cake  with  bisul- 
phide of  carbon,  which  is  afterwards 
recovered  by  distillation  from  the  oil. 
In  Algiers,  bisulphide  of  carbon  is  em- 
ployed for  extracting  the  essential  oils 
in  which  reside  the  perfumes  of  roses, 
jasmine,  lavender,  &c. 

Bisulphide  of  carbon  has  often  been 
made  a  starting-point  in  the  attempts 
to  produce  organic  compounds  by  syn- 
thesis. It  may  be  employed  in  the  for- 
mation of  the  hydrocarbons  which  are 
usually  derived  from  organic  sources, 
for  if  it  be  mixed  with  sulphuretted 
hydrogen  (bypassing  that  gas  through  a  bottle  containing  bisulphide  of 
carbon  gently  warmed),  and  passed  over  copper-turnings  heated  to  red- 
ness in  a  porcelain  tube,  olefiant  gas  will  be  produced — 

2CS2  +  2H2S  +  Cu6  =  GCuS  +  C2H4. 

The  action  of  bisulphide  of  carbon  upon  ammonia  is  practically  im- 
portant for  the  easy  production  of  xulphocyanide  of  ammonium,  which 
is  formed  when  the  bisulphide  of  carbon  is  dissolved  in  alcohol,  and 
acted  on  by  ammonia  with  the  aid  of  heat — 

OS,     +      2NH3  =  H2S     +      NH3.HCNS. 

Bisulphide  of  carbon.  Sulphocyanide  of  ammonium. 

Bisulphide  of  carbon  is  the  sulphur-acid  corresponding  to  carbonic 
acid,  and  is  often  called  sulphocarbonic  acid ;  it  combines  with  some  of 
the  sulphur-bases  to  form  xulphocarbonates,  which  correspond  to  the  car- 
bonates, containing  sulphur  in  place  of  ox}'gen.  Thus,  when  a  solution 
of  sulphide  of  potassium  is  mixed  with  an  excess  of  bisulphide  of  carbon, 
the  sulphocarbonate  of  (sulphide  of)  potassium  is  obtained  in  orange- 
yellow  crystals.  Even  the  hydrogen  compound  corresponding  in  com- 
position to  the  unknown  hydrate  of  carbonic  acid  may  be  obtained  as  a 


C.A 

yellow  oily  liquid   liy  decomposing  MlphOOVbOMlfl   of  potassium  with 
••  hlnrie  acid  — 

K  S.CS,      +       2IIC1    =     11,8.08,        +       2KC1. 


•rarbonmte 
of  pota-v»  i  acid. 

As  would  he  expert.  ,1.  th<-  sulphocarbonates,  when  boiled  with  water, 
exchange  their  sulphur  for  oxygen,  becoming  carbonates  — 

K  3.08  H,O     =     K.O.CO,     -f       I!  B, 

bisulphide  <>f  rarl.on  vapor  in  coal-gas  is  one  of  the  HUM  inju- 
rious of  tin-  impurities,  and  one  of  the  most  ditlicult   t«»   ivm..ve  \\ith 

iiy.     It    is   especially   injurious,  because    whjn    bimiiiiur    in    the 
presence  of  aqueous  Vapor,  :i  part   "fits  snlphnr   is  ei>n\eit.-d   into  sul- 
phuric acid,  the  corrosive  effects  of  which  are  so  damaging 
processes  have  been  devised  for  its  removal.     The  gas  has  been  washed 
with   tlu*  "  iitaiiiiiiLC    liydrosulphate    of   ammonia) 

which  ?  In-  bisulphide.      Strain,  at  a  high  temperature.  ha-   been 

employed  to  convert  it  into  hydrosulphuric   and    carlioi,  .\\hidi 

th   easily    ivim.ved   from    the  gas;  CS,  +  2H,O  =  COf  +   I'll  3. 

Lime  at  a  red  heat  decomposes  it  in  a  similar  \\ay-.  CS,  +  3CaO  = 

Oxide  of  lead  dissolved   in  caiMtio  soda  has  been 

UM-.I  t,,  convert  it  into  sulphide-  of  lead;  CS,  -4    '21'L.O  +  Na.O  •    -Jl'I.S 

O.COgi     [ti  removml  as  sulphocarbonate  by  an  ale.  .  In.  lie  solution 
da    has  also   l»ccn    proposed.      At    piVM-nt.   howt-M-r.  it 
retain^   its   character  as  one  of  the  most  troublesome  impurities  with 
wlmh  the  gas  manufacturer  has  to  deal. 

>i  i-ii  U.K.  ens  =  00  part*  by  weight  =   ! 
\vliirli  may  1..-  regarded  aa  hydrosulpliuriV  ariti  in  which  CO  ha- 

\i«l«-  with  Milj.liur  vajM.r  is  acted  on  by  elec- 
tric ;  ns-e<l  throuirli  a  red-hot   porcelain  tul>". 

jisjly  |.n-|.ar«»d  by  gently  heating  the  -ulphocyanide  of  potawmim  with  oil  ..f 
vitriol  diluted  with  four-flflhs  of  iu  volume  of  water,  and  collecting  the  gas  over 
,ry. 

e  sulphuric  acid  upon  the  sulphocyanide  produce*  hvdr<^ul|iho- 

i-vium)  +  II,S04=  II  <   N 

water,  in  tb«  present  ;  hurii: 

•rid.  into  t!.  xyMilphido  gas  and  ammonia,  which  combines  with  t: 

l-lniric  :i.    :     HON8       I!"   =NH,-i    '  e  gM  has  a  peculiar 

o.lor.   r.-riillini;  that  <>f  bUulohide  p«  than  twic«n*  heavy  M  air 

-  1  1  1,  and  is  very  inflammable,  burning  with  a  blue  flame,  . 
1  Mjlpliurou*  acidgase*.     Potash  ab»ormanddecoinn<«es  it 
ate  of  potMh  and  sulphide  of  poUusium:  COS  -f  4KHO  =  KJA  -f  1  -II  " 

168.   /  SiSj),  corresponding  in  < 

1  t'V  burning  -ilii-on  in  Mil|.hur  \ 

nhideof  carbon  ov  ire  of  silica  and  cnarooal.     I'nlik  .pound, 

It  is  a  white  amorphous  solid,  absorbing 

in  water,  which  gradually  decompose-  .  1  hv.in>sulphuric  acids  — 

SiS,    -f    2H,0    =    S.O,    -|      I'll  - 
When  heated  in  air,  it  burns  slowly,  yielding  silicic  and  sulphurous  acids. 

164.    v  •<•£«*  (NS)  is  a  ••  -talline  explosive  substan*  < 

ilu.-'-l  \<\  a  complicated  reaction  which  takei  plaot  wbtn  ohiorlde  of  Milpkni    iit- 

j  gaseous  an  :>lorato 

of  amin  ;>'>«ited,  an 

phide  of  nic 

• 
•-  irritatint;  o,l,,r,  HI.  :l.i!ri\    \sli.-n 

tract 
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155.  CHLORIDES  OF  SULPHUR. — The  subchloride,  or  chloride  of  sulphur 
(S2C12  =  135  parts  by  weight),  is  the  most  important  of  these,  since  it  is 
employed  in  the  process  of  vulcanizing  caoutchouc.  It  is  very  easily 
prepared  by  passing  dry  chlorine  over  sulphur  very  gently  heated  in  a 
retort  (Fig.  216)  ;  the  sulphur  quickly  melts,  and  the  chloride  of  sulphur 


FIG.  216. 


Preparation  of  chloride  of  sulphur. 

distils  over  into  the  receiver  as  a  yellow  volatile  liquid  (boiling-point, 
280°  F.),  which  has  a  most  peculiar  odor.  It  fumes  strongly  in  air,  the 
moisture  decomposing  it,  forming  hydrochloric  and  sulphurous  acids, 
and  causing  a  deposit  of  sulphur  upon  the  neck  of  the  bottle  — 

2S2C12     +     2H20  =  4HC1  +  S02  +  S3. 

When  poured  into  water,  it  sinks  (sp.  gr.  1.68)  and  slowly  undergoes 
decomposition  ;  the  separated  sulphur,  of  course,  belongs  to  the  electro- 
positive variety  (see  p.  224),  and  the  solution  contains,  beside  hydro- 
chloric and  sulphurous  acids,  some  of  the  acids  containing  a  larger  pro- 
portion of  sulphur.  If  phosphorus  dissolved  in  bisulphide  of  carbon  be 
mixed  with  chloride  of  sulphur,  the  liquid  will  take  tire  on  addition  of 
ammonia.  The  specific  gravity  of  the  vapor  of  chloride  of  sulphur  is 
4.7,  showing  that  it  is  68  times  as  heavy  as  hydrogen,  giving  for  its 
molecular  weight  136,  which  agrees  very  nearly  with  that  calculated  (135). 

Bichloride  of  sulphur  (SC12)  is  a  far  less  stable  compound  than  the  chloride,  from 
which  it  is  obtained  by  the  action  of  an  excess  of  chlorine.  It  is  a  dark-red  fuming 
liquid,  easily  resolved,  even  by  sunlight,  into  free  chlorine  and  chloride  of  sulphur. 

Iodide  of  sulphur  (SI2)  is  a  crystalline  unstable  substance,  produced  by  the  direct 
union  of  its  elements,  and  occasionally  employed  in  medicine. 

Sub  iodide  of  sulphur  (S2T2)  is  obtained  in  large  tabular  crystals  resembling  iodine, 
bv  decomposing  the  subchloride  of  sulphur  with  iodide  of  ethyle:  S.CL+  2<J0H-l  = 
S;i2  +  2C2H5C1. 

SELENIUM. 

Se  =  79.5  parts  by  weight. 

156.  Selenium  (2cA//v;/,  the  moon)  is  a  rare  element,  very  closely  allied  to  sulphur 
in  its  natural  history,  physical  characters,  and  chemical  relations  to  other  bodies. 
It  is  found  sparingly  in  the  free  state  associated  with  some  varieties  of  native  sul- 
phur, but  more  commonly  in  combination  with  metals,  forming  se/eniries,  which  are 
found  together  with  the  sulphides.  The  iron  pyrites  of  Fahlun,  in  Sweden,  is 
especially  remarkable  for  the  presence  of  selenium,  and  was  the  source  whence  this 
element  was  first  obtained.  The  Fahlun  pyrites  is  employed  for  the  manufacture  of 
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.  Md  becoming  selen  i  !       v    liz.-tli. 

«ven  diwolve*  gold.     The  seleaiate*  closely  re»« 

when    heated   with    h  'ilorim-    \» 

.-d. 

-ralN-l  of 
ev 

upon    m.-txlli. 
precipiuting  the  selenitic*. 

'tloritUtof  fflminm:  the  dirhloride,  S 
corresp  ride  of  sulphur;  and  tin  •• 

tallineMil.  well-establi  ,  th.-  -ulphur  -.-rieB. 

re.M-ijiblanrf  betw.-.-n  th> 
pkidfM  of  *< 
obtained  M  a  yellow  precipitate  v, 
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Te  —  129  part*  by  w 
167.  Tellurium  (from  ttU**,  th<  eartM,  i*  connected  with  selenium  by  Analogies 
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stronger  than  those  which  connect  that  element  with  sulphur.  It  is  even  less  fre- 
quently met  with  than  selenium,  being  found  chiefly  in  certain  Transylvanian  gold 
ores.  It  occasionally  occurs  in  an  un combined  form,  but  more  frequently  in  com- 
bination with  metals.  Foliated  or  graphic,  tellurium  is  a  black  mineral  containing 
the  tellurides  of  lead,  silver,  and  gold.  Telluride  of  bismuth  is  also  found  in  nature. 

Tellurium  is  extracted  from  the  foliated  ore  by  a  process  similar  to  that  for  ob- 
taining selenium.  From  telluride  of  bismuth  it  is  procured  by  strongly  heating  the 
ore  with  a  mixture  of  carbonate  of  potash  and  charcoal,  when  telluride  of  potassium 
is  formed,  which  dissolves  in  water  to  a  purple-red  solution,  from  which  tellurium 
is  deposited  on  exposure  to  air. 

Tellurium  much  more  nearly  resembles  the  metals  than  the  non-metals  in  its 
physical  properties,  and  is  on  that  account  often  clashed  among  the  former,  but  it  is 
not  capable  of  forming  a  true  basic  oxide  In  appearance  it  is  very  similar  to  bis- 
muth (with  which  it  is  so  frequently  found),  having  a  pinkish,  metallic  lustre,  and 
being,  like  that  metal,  crystalline  and  brittle.  It  fuses  below  a  red  heat,  and  is 
converted  into  a  yellow  vapor  at  a  high  temperature.  When  heated  in  air  it  burns 
with  a  blue  flame  edged  with  green,  and  emits  fumes  of  tellurous  acid  (TeO.,)  and 
a  peculiar  odor. 

Like  selenium,  tellurium  is  dissolved  by  strong  sulphuric  acid,  yielding  a  purple- 
red  solution,  from  which  water  precipitates  it  unchanged. 

The  oxides  of  tellurium  correspond  in  composition  to  those  of  selenium.  TeVuroux 
ctcid  (TeO2)  is  precipitated  in  the  hydrated  state  Avhen  a  solution  of  tellurium  in 
diluted  nitric  acid  is  poured  into  water.  If  the  nitric  solution  is  boiled,  a  crystal- 
line precipitate  of  anhydrous  tellurous  acid  is  obtained.  Unlike  selenious  acid7 
tellurous  acid  is  sparingly  soluble  in  water.  It  is  easily  fusible,  forming  a  yellow 
glass,  which  becomes  white  on  cooling,  and  it  may  be  sublimed  unchanged.  Its  acid 
character  is  rather  feeble,  and,  witli  some  of  the  stronger  acids,  it  forms  soluble 
compounds,  in  which  it  takes  the  part  of  a  very  feeble  base. 

Telluric  acid  (TeO3)  is  also  a  weak  acid  obtained  by  oxidizing  tellurium  with  nitre, 
precipitating  the  tellurate  of  potash  with  chloride  of  barium,  and  decomposing  the 
tellurate  of  baryta  with  sulphuric  acid.  On  evaporating  the  solution,  crystals  of 
hydrated  telluric  acid  (H3O  TeO3.2H2O)  are  obtained,  which  become  H2O.TeO3  at 
a  moderate  heat,  and  when  heated  nearly  to  redness,  are  converted  into  an  orange- 
yellow  powder,  which  is  the  anhydrous  acid.  In  this  state  it  is  insoluble  in  acids 
and  alkalies.  When  strongly  heated,  it  evolves  oxygen,  and  becomes  tellurous  acid. 
The  tellurates  are  unstable  salts,  which  are  converted  into  tellurites  when  heated. 

Telluretted  hydrogen  or  hydrotdluric  acid  (H.,Te)  exhibits  in  the  strongest  manner 
the  chemical  analogy  of  tellurium  with  selenium  and  sulphur.  It  is  a  gas  very 
similar  to  sulphuretted  hydrogen  in  smell  and  in  most  of  its  other  properties.  When 
its  aqueous  solution  is  exposed  to  the  air,  it  yields  a  brown  deposit  of  tellurium. 
When  passed  into  metallic  solutions  it  precipitates  the  tellurides. 

The  gas  is  prepared  by  decomposing  telluride  of  zinc  with  hydrochloric  acid. 

The  most  characteristic  property  of  tellurium  compounds  is  that  of  furnishing  the 
purple  solution  of  telluride  of  potassium,  when  fused  with  carbonate  of  potash  and 
charcoal,  and  treated  with  water.  Two  solid  ch/orides  of  tellurium  have  been  ob- 
tained; TeCl2  is  a  black  solid  with  a  violet-colored  vapor,  and  is  decomposed  by 
water  into  tellurium  and  TeCl4  The  latter  may  be  obtained  as  a  white  crystalline 
volatile  solid,  decwmposed  by  much  water  into  hydrochloric  and  tellurous  acids. 
There  are  al-o  two  sulphides  of  tellurium  corresponding  to  the  oxides,  from  which 
they  may  be  obtained  as  dark-brown  precipitates,  by  the  action  of  hydrosulphuric 
acid.  They  are  both  sulphur  acids,  and  therefore  soluble  in  alkaline  sulphides. 

158.  Review  of  the  Sulphur  Group  of  Elements. — The  three  elements 
— sulphur,  selenium,  and  tellurium — exhibit  a  relation  of  a  similar  char- 
acter to  that  observed  between  the  members  of  the  chlorine  group,  both 
in  their  physical  and  chemical  properties. 

Sulphur  is  a  pale  yellow  solid,  easily  fusible  and  volatile,  without  any 
trace  of  metallic  lustre,  and  of  specific  gravity  2.05  (sp.  gr.  of  vapor, 
2.23).  Selenium  is  either  a  red  powder  or  a  lustrous  mass  appearing 
black,  but  transmitting  red  light  through  thin  layers  ;  much  less  fusible 
and  volatile  than  sulphur,  and  of  specific  gravity  4.8  (sp.  gr.  of  vapor. 
5.68).  Tellurium  has  a  brilliant  metallic  lustre,  is  much  less  fusible 
and  volatile  than  selenium,  and  of  specific  gravity  6.65  (sp.  gr.  of 
vapor,  9.0). 
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Sul|ilnir  (atomic  weight  :;•_>     has 
gen,  hydrogen,  aii' I   tin-   metaU.     Seh-ni  .«•  wri^hr  ik-> 

•  in  the   order   ..f  chemical    .  'r«-llnriii;i 

has  a  less   powerful   attraction  1    tin-    in,' 

than  cither  sulphur  or  selenium.  This  element  appears  to  stand  <*n 
neutral  ground  between  the  non-metalli<  and  tin-  less  eh-ctro- 

po*,uive  metals. 

Sulphur,  selenium,  and  tellurium  are  diatomic  or  bivalent  clem. 

PH08PHORU& 

P  =  31  paru  by  weight.1 

This  is  the  only  element  for  the  ordinary  pi  of  which 

animal  substances  are  employed.  It  i-  m-\er  known  to  occur  uncom- 
bined  in  nature,  but  is  found  abundantly  in  the  form  of  •••  of 

i»U'O),  which    is   contained    in    the    mineral- 

]>li<>rit.\  and  .      M!  nrcurs  dill'iised,  though  ^nieially  in  small  pic- 

portion.  through  all  soils  upon  which  plants  will  ^row.  for  this  MibM.-i 
is  an   essential  con«»tituent  of  the  t«»<nl  <»f  most   plant>.  and  especial! 
the  cereal  plants,  \\hich  f«»rm  -«•   larur«'   a  proportion   of  thr  food  of  ani- 
mals.     The  M-cds  of  Mich  plants  are  especially  rich  in  the  phosphates  of 
lime  and  magnesia. 

Animals  feeding  upon  these  plants  still  further  accumulate  the  \>\\>^- 
|»horic  acid,  for  it  enters,  chielly  in  the  form  ••!'  phitsj.hate  of  linn-,  into 
tin-  composition  of  almost  every  solid  and  liquid  in  the  animal  body,  and 
is  especially  abundant  in  the  bones,  which  contain  about  three-fifths  .,f 
their  weight  of  phosphate  of  lime.  It  is  from  this  source  that  our  sup- 
ply of  phosphorus  is  chietly  derived. 

Comporition  of  the  Bone»  nf  Oxen. 

Animal  matter, 80.68 

Phosphate  ..f  limp.          .                                             .  67.67 

:  i.l<-  ..f  <-nIi-miii, 2.69 

699 

Photpbate  of  magnesia, 2  07 

10000 

1   is  here  termed  animal  matter  is-  a  cartilaginous  siiKs- 
verted  into  gelatin  when  the  bones  are  heated  «ith  \\ater  under  presume, 
:iur    carbon.  In  .  nitrogen,  ami    o\\urcn.      It    uas    f..r- 

mei  1\  i  he  custom  to  get  rid  of  t  hi*.  l>y  biirniirj  1 1"'  bom*,  in  an  open  tire, 
but  the  increased  demand  for  chemical  piodu<  t>.  and  the  diminished 
suppU  of  bones,  I.  til  economy,  so  that  the  cartilaginous  matter 

is  now  dissol  .ii;li  p re*. «» ii re 

•  lie  manufacture  of  glue;  or  the   boi.<  .l.jected  to  de-i  ru-  • 
illation,  SO  as  to  sa                   nmonia  which  they  evolve,  and  the  bone 

charcoal  t  hu-  :'\  the  -u-^ar  refiner  until  it- 

powers   a  Heated    ii.  with    air   to    burn 

away  the  charcoal,  and  lea\e  tli.  .  ictly  of  pho*q,'' 

of  ].  •      •  •  I'  (  »  ).      In  ordei  t   the  ph.  .  the  bone -a-h 

is  heated  for  KHD<  tb  diluted  sulphuric   acid,  which    remo\,->  the 

gre:.'  Of  the  lime  in  the  form  of  the  |p  -luble  siilphar 

M  hearjr  u  hydroffeo,  »o  (bmt  lu  atom  .. •»  half  a 
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lime,  leaving  the  phosphoric  acid  in  the  solution,  which  is  strained  from 
the  deposit,  evaporated  to  a  syrup,  mixed  with  charcoal,  thoroughly 
dried  in  an  iron  pot,  and  distilled  in  an  earthen  retort  (Fig.  217),  when 
the  carbon  removes  the  oxygen  from  the  phosphoric  acid,  and  the  phos- 
phorus distils  over,  and  is  condensed  in  a  receiver  containing  water  to 
protect  it  from  the  action  of  the  air.  The  decomposition  of  the  dried 
phosphoric  acid  by  the  carbon  of  the  charcoal  is  expressed  by  the  equa- 
tion— 


H.O.P.O, 

Hydrated  phosphoric 
acid. 


C 


=     6CO     + 

Carbonic  oxide. 


This  is  the  simplest  account  that  can' be  given  of  the  preparation  of  phosphorus 
from  bone-ash,  but  it  is  not  strictly  correct,  for  the  sulphuric  acid  does  not  remove 


FIG.  217. 


rf 


Extraction  of  phosphorus. 

the  whole  of  the  lime  from  the  phosphate,  a  portion  remaining  in  the  solution  con- 
taining the  phosphoric  acid,  so  that  this  solution  is  generally  said  to  contain  super- 
phosphate of  lime,  and  the  action  of  the  sulphuric  acid  is  thus  represented — 

3CaO.P205     +    2(H2O.S03)     =    CaO.2H2O.P2O5     +    2(CaO.SO3). 


Bone  phosphate 
of  lime. 


Superphosphate 
of  lime. 


When  the  superphosphate  of  lime  is  dried,  it  becomes  converted  into  metnphos- 
phate  of  lime  (CaO.P2O5),  and  on  distilling  this  with  charcoal — 

3(CaO.P2O5)     +     C10    =     3CuO.P2O5     +     10CO     +     P4. 

Metaphosphate  Bone  phosphate 

of  lime.  -v  of  lime. 

Silicic  acid  (sand)  is  sometimes  added  to  combine  with  the  lime,  and  liberate  the 
remainder  of  the  phosphoric  acid,  so  that  it  may  be  decomposed  by  the  charcoal. 

On  the  small  scale,  for  the  sake  of  illustration,  phosphorus  may  be  prepared  by  a 
process  which  has  also  been  successfully  employed  for  its  manufacture  in  quantity, 
and  consists  in  heating  a  mixture  of  bone-ash  and  charcoal  in  a  stream  of  hydro- 
chloric acid  gas — 

3CaO.P205     +    6HC1     +     C8    =     3CaCl2    +     SCO     -f     H6    +     P.,. 

A  mixture  of  equal  weights  of  well-dried  charcoal  and  bone-ash,  both  in  fine 
powder,  is  introduced  into  a  porcelain  tube  sheathed  with  copper,  and  placed  in  a 
charcoal  furnace  (fig-  218).  One  end  of  the  tube  is  connected  with  a  flask  (A), 
containing  fused  salt  and  sulphuric  acid  for  evolving  hydrochloric  acid,  and  the 
other  is  cemented  with  putty  into  a  bent  retort  neck  (B),  for  conveying  the  phos- 
phorus into  a  vessel  of  water  (C).  On  heating  the  porcelain  tube  to  bright  redness, 
phosphorus  distils  over  in  abundance.  The  hydrogen  and  carbonic  oxide  inflame  as 
they  escape  into  the  air,  from  their  containing  phosphorus  vapor. 

When  first  prepared,  the  phosphorus  is  red  and  opaque,  from  the  pres- 
ence of  some  suboxide  of  phosphorus  and  mechanical  impurities ;  the 

17 
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.'ire   removed  l,v  meltin-j'   tin-    phosphorus    under  warm  water,  and 
'  through  wash  !•  -nth.  r.     The  phosp!.  under 

MipuritN.  i-  under  blchr 

|M,t:ish    ariilitiiMl    with 

FIB.  118.  sulphuric    acid,   when    the 

clu  i  o\idi/es  the 

the  Htiho\id<-  «'f  i 

us,  an«l  convert!  it   into 

pho^p  ,    which  dis- 

..e  phosphorus 
is  then  thoroughly  wash- 
ed, melted  under  water, 

and    drawn    up  into   glass 

.    \vln-iv    it    s.il'nlitirs 
int<>  the  sticks  in  \\Iii.-h  it 
is  >"|«1.    Tlir-t-  arc  :il\\a\  s 
.c«l     un-lcr     water 
t'n.in    the    action    i.f   <-\\- 

K!  in  tin  rasr- 
that  nf  li-ht 

Pure  oi.linarv  plios- 
phoru-  is  alinu-t  .•••li»rU-s^ 
ami  1 1  ' .  Inn  whrii 

.  'I  to  li^ht.  ami  es- 
pecially   to  sun- 
it     £  rail  1 1  ally     ac- 
_                             l«_«^.           'I11'1"®8    an 

Jr  "^^F  —  ~  color,  from  it-. 

rertiOO  into  the 
kn<»\\  n   as   iv<l   or  tin-  '  \  ini:   bftfl 

bln<  k  (loth  round  a  stick  of  phosphorus  and  exposing  it.  un<lct  water, 
to  the  action  of  sunlight,  alternate  /ones  of  rc-l  u  iduoetL 

,  thou-jh  the  phosphon  n, ••]  from  liurht.  it  will  not  remain 

unchanged   unless   the  water  !•«•  kej.t    i|iiite   IV.  c   ti..in  air.  which    , 
larly   cori"  -urface  of  the  plio>phonis.   rendering   it    whi; 

inc.     This  action  is  accelerate. 1  l.y  exposure  to  light. 
'I'he  most  remarkable  character  of  ordinary  phosplmnis  i-,  it-  easy  in- 
tlammal'ility.      It  im>\  ilaMy  takes   lire  in  air  wlien    heated  a  Intl.- 
IU  melting-'p"i"t  (  1  1  !.:•     I'.  I,  bornlng  ^  ith  a  Mlliant  white  Maine,  \\hieh 
becomes  insupportable  when  the  c,,inl.u-tion  tl  e  in  ox\gen  <j.. 

us,-  white   .  l.Mi'U  of  solid    phosphoric  aci'l.      \\  h.-n 

ir\  photphornt  U  exposed  to  UK  ~!..\\i\  \\iih 

oxygen,  forming   phosph.inms  aeid.1  and  its  tcmpd  at  un-  often  I- 

ninu    this  slow  combust  ion,  that   it  melt^  and  lakes 

fire,  especially  if  the   '-01111111,  .rau'ed    l»y  the  warmth  of  the 

•MM-.phnnis  inii-t  never  l>c  handled 
i-i-s  m..-t  pain- 
ful IM,- 

slow  oxi  led    with    tliat     peculiar 

us  appcM 

it  this  glow  is 
in  in  ut>  _':is  «.r  r,il  «,f  tnrj.entine.      it  will  l»c  re  mem - 


1  Thr  whit«  fum«  rvolrrd  by  pho-phoru.  In  muUl  air  arr  «M  rate  of 

,,.:,'.'.         :       -.    ':•  •       •        <   •  ,  /•    I   ,.  v  ;..-•.       |  M    "••     Mi    U  I    ..  • ,   •      !••  TB|     •'. 
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bered  that  the  slow  oxidation  of  phosphorus  is  attended  with  the  for- 
mation of  ozone. 

The  characteristic  behavior  of  phosphorus  in  air  is  best  observed  when  the  phos- 
phorus is  in  a  finely-divided  state.  When  a  fragment  of  phosphorus  is  shaken 
with  a  little  bisulphide  of  carbon,  it  is  quickly  dissolved,  and  if  the  solution  be 
poured  upon  a  piece  of  fl  1  teri n £f -paper  (Fig.  219),  and  allowed  to  evaporate  in  a 
darkened  room,  the  very  thin  film  of  phos- 
phorus which  is  left  will  exhibit  a  glow  in-  FIG.  219. 
creasing  in  brilliancy  till  the  phosphorus 
bursts  out  into  spontaneous  combustion. 

If  phosphorus  be  dissolved  in  olive  oil, 
at  a  gentle  heat,  the  solution  is  strongly 
phosphorescent  when  shaken  in  n  bottle 
containing  air,  or  when  rubbed  upon  the 
hands. 

Characters  may  be  written  on  paper  with 
a  stick  of  phosphorus  held  in  a  thickly- 
folded  piece  of  damp  paper  (having  a  vessel 
of  water  at  hand  into  which  to  plunge  the  phosphorus  if  it  should  take  fire).  When 
the  paper  is  held  with  its  back  to  the  fire,  or  to  a  hot  iron,  in  a  darkened  room,  A 
twinkling  combustion  of  the  finely-divided  phosphorus  will  ensue,  and  the  letters 
will  be  burnt  into  the  paper.  Phosphorus,  which  has  been  partly  oxidized,  is  even 
more  easily  inflamed  than  pure  phosphorus.  If  a  few  small  pieces  of  phosphorus 
be  placed  in  a  dry  stoppered  bottle,  gently  warmed  till  they  melt,  and  then  shaken 
round  the  sides  of  the  bottle  so  as  to  become  partly  converted  into  red  oxide  of  phos- 
phorus, it  will  be  found,  long  after  the  bottle  is  cold,  to  be  spontaneously  inflam- 
mable, so  that  if  a  wooden  match  tipped  with  sulphur  be  rubbed  against  it,  the 
phosphorus  which  it  takes  up  will  ignite  when  the  match  is  brought  into  the  air, 
kindling  the  sulphur,  which  will  inflame  the  wood.  This  was  one  of  the  earliest 
forms  in  which  phosphorus  was  employed  for  the  purpose  of  procuring  an  instanta- 
neous light.  If  the  stopper  be  greased,  the  phosphorus  may  be  preserved  unchanged 
for  a  long  time. 

In  the  last  experiment,  if  the  wood  had  not  been  tipped  with  sulphur,  the  phos- 
phorus would  not  have  kindled  it,  the  flame  of  phosphorus  generally  being  unable 
to  ignite  solid  combustibles,  because  it  deposits  upon  them  a  coating  of  phosphoric 
acid,  which  protects  them  from  the  action  of  air,  Hence,  in  the  manufacture  of 
lucifer  matches,  the  wood  is  first  tipped  with  sulphur,  or  wax,  or  paraffine,  which 
easily  give  off  combustible  vapors  to  be  kindled  by  the  flame  of  the  phosphorus 
composition,  and  thus  to  inflame  the  wood. 

If  a  small  stick  of  phosphorus  be  carefully  dried  with  filtering-paper,  and  dropped 
into  a  cylinder  of  oxygen,  which  is  afterwards 
covered  with  a  glass  plate,  no  luminosity  will  be 
observed  in  a  darkened  room  until  the  cylinder  is 
placed  under  the  air-pump  receiver,  and  the  air 
slowly  exhausted.  When  the  oxygen  has  thus 
been  rarefied  to  about  one-fifth  of  its  former  den- 
sity, the  phosphorescence  will  be  seen.  A  similar 
effect  may  be  produced  by  covering  the  cylinder  of 
oxygen  containing  the  phosphorus  (  having  removed 
the  glass  plate)  with  another  cylinder,  about  four 
times  its  size  (Fig.  220),  filled  with  carbonic  acid, 
which  will  gradually  dilute  the  oxygen  and  pro- 
duce phosphorescence.  By  suspending — in  a  bottle 
of  air  containing  a  strongly  luminous  piece  of  phos- 
phorus— a  piece  of  paper  with  a  drop  of  oil  of  tur- 
pentine upon  it,  the  glow  may  be  almost  instanta- 
neously destroyed.  A  small  tube  of  olefiantgas  or  coal-gas  dropped  into  the  bottle 
will  also  extinguish  the  luminosity. 

Ordinary  phosphorus  is  slowly  converted  into  vapor  at  the  ordinary 
temperature,  and  emits  in  the  air  white  fumes  with  a  peculiar  alliaceous 
smell,  which  appear  phosphorescent  in  the  dark.  When  heated  out  of 
contact  with  air,  it  boils  at  550°  F.,  and  is  converted  into  a  colorless 
vapor. 


FIG.  220. 
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appearance,  have  been  obtained  by  fusing  phosphorus  with  lead,  arid  dissolving  out 
the  latter  with  diluted  nitric  acid  (sp.  gr.  1.1). 

Ordinary  phosphorus  is  very  poisonous,  whilst  amorphous  phosphorus 
appears  to  be  harmless.  The  former  is  employed,  mixed  with  fatty  sub- 
stances, for  poisoning  rats  and  beetles.  Cases  are,  unhappily,  not  very 
rare,  of  children  being  poisoned  by  sucking  the  phosphorus  composition 
on  lucifer  matches.  The  vapor  of  phosphorus  also  produces  a  very  in- 
jurious effect  upon  the  persons  engaged  in  the  manufacture  of  lucifer 
matches,  resulting  in  the  decay  of  the  lower  jaw-bone.  This  evil  is  much 
mitigated  by  good  ventilation,  or  by  diffusing  turpentine  vapor  through 
the  air  of  the  work-room,  and  attempts  have  been  made  to  obviate  it 
entirely  by  substituting  amorphous  phosphorus  for  the  ordinary  variety, 
btitr  as  might  be  expected,  the  matches  thus  made  are  not  so  sensitive 
to  friction  as  those  in  which  the  vitreous  phosphorus  is  used. 

The  difference  between  the  two  varieties  of  phosphorus,  in  respect  to 
chemical  energy,  is  seen  when  they  are  placed  in  contact  with  a  little 
iodine  on  a  plate,  when  the  ordinary  phosphorus  undergoes  combustion, 
and  the  red  phosphorus  remains  unaltered. 

tilack  phosphorus  has  been  obtained  by  heating  vitreous  phosphorus 
to  a  little  above  its  melting-point  and  suddenly  cooling  it.  It  is  recon- 
verted by  fusion  and  slow  cooling.  J7sro//s  i>ltm<i>liorns  results  from 
the  sudden  cooling  of  phosphorus  heated  nearly  to  its  boiling-point. 

Ordinary  phosphorus  is  capable  of  direct  union  with  oxygen,  chlorine, 
bromine,  iodine,  sulphur,  and  most  of  the  metals,  with  which  it  forms 
phosphides  or  phosphurets.  Even  gold  and  platinum  unite  with  this  ele- 
ment when  heated,  so  that  crucibles  of  these  metals  are  liable  to  cor- 
rosion when  heated  in  contact  with  a  phosphate  in  the  presence  of  a  re- 
ducing agent,  such  as  carbon.  Thus  the  inside  of  a  platinum  dish  or 
crucible  is  roughened  when  vegetable  or  animal  substances  containing 
phosphates  are  incinerated  in  it.  The  presence  even  of  small  quantities 
of  phosphorus  in  metallic  iron  or  copper  produces  considerable  effect 
upon  their  physical  qualities. 

Phosphorus  has  the  property,  a  very  remarkable  one  in  a  non-metal, 
of  precipitating* some  metals  from  their  solutions  in  the  metallic  state. 
If  a  stick  of  phosphorus  be  placed  in  a  solution  of  sulphate  of  copper,  it 
becomes  coated  with  metallic  copper,  the  phosphorus  appropriating  the 
oxygen.  This  has  been  turned  to  advantage  in  copying  very  delicate 
objects  by  the  electrotype  process,  for  by  exposing  them  to  the  action 
of  a  solution  of  phosphorus  in  ether  or  bisulphide  of  carbon,  and  after- 
wards to  that  of  a  solution  of  copper,  they  acquire  the  requisite  con- 
ducting metallic  film,  even  on  their  finest  filaments.  Solutions  of  silver 
and  gold  are  reduced  in  a  similar  manner  b}'  phosphorus. 

By  floating  very  minute  scales  of  ordinary  phosphorus  upon  a  dilute  solution  of 
chloride  of  gold,  the  metal  will  be  reduced  in  the  form  of  an  extremely  thin  film, 
which  may  bo  raised  upon  a  glass  plate,  and  will  be  found  to  have  various  shades  of 
green  and  violet  by  transmitted  light,  dependent  upon  its  thickness,  whilst  its 
thickest  part  exhibits  the  ordinary  color  of  the  metal  t<>  reflected  light.  By  heating 
the  films  on  the  plate,  various  shades  of  amethyst  and  ruby  are  developed.  If  a 
very  dilute  solution  of  chloride  of  gold  in  distilled  water  be  placed  in  a  perfectly 
clean  bottle,  and  a  few  drops  of  ether,  in  which  phosphorus  has  been  dissolved", 
poured  into  it,  a  beautiful  ruby-colored  liquid  is  obtained,  the  color  of  which  is  due 
to  metallic  gold  in  ;ui  extremely  finely  divided  state,  and  on  allowing  it  to  stand 
for  some  months,  the  metal  subsides  as  a  purple  powder,  leaving  the  liquid  color- 
less. If  any  saline  impurity  be  present  in  the  gold  solution,  the  color  of  the  re- 
duced gold  will  be  amethyst  or  blue.  These  experiments  (Faraday)  illustrate  very 
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solution  of  20  grains  gelatin  in  2  drachms  water,  the  sulphured  matches  heing 
tipped  with  this  composition.  The  rubber  is  prepared  with  20  grains  of  amorphous 
phosphorus,  and  10  grains  of  finely-powdered  glass,  mixed  with  the  solution  of 
gelatin,  and  painted  on  paper  or  card-board  with  a  brush. 

161.  Phosphorus-fuse   Composition To  ignite  the  Armstrong  per- 
cussion shells,  a  very  sensitive  detonating  composition  is  employed, 
which  is  composed  of  amorphous  phosphorus,  chlorate  of  potash,  shellac, 
and  powdered  glass,  made  into  a  paste  with  spirit  of  wine.    This  is  placed 
in  the  little  cap  designed  for  it,  and  when  dry  is  waterproof  with  a  little 
shellac  dissolved  in  spirit. 

Such  a  composition  ma}'  be  prepared  with  core  in  the  following  manner  :  4  grains 
of  powdered  chlorate  of  potash  are  moistened  on  a  plate  with  6  drops  of  spirit  of 
wine,  4  grains  of  powdered  amorphous  phosphorus  are  added,  and  the  whole  mixed 
at  arm's  length  with  a  bone-knife,  avoiding  great  pressure.  The  mixture,  which 
should  still  be  quite  moist,  is  spread  in  small  portions  upon  ten  or  twelve  pieces  of 
filtering-paper,  and  left  in  a  safe  place  to  dry.  If  one  of  these  be  gently  pressed 
with  a  stick,  it  explodes  with  great  violence.  It  is  dangerous  to  press  it  with  the 
blade  of  a  knife,  as  the  latter  is  commonly  broken,  and  the  pieces  projected  with  con- 
siderable force.  A  stick  dipped  in  oil  of  vitriol  of  course  explodes  it  immediately. 
If  a  bullet  be  placed  very  lightly  upon  one  of  the  pellets,  and  the  paper  tenderly 
wrapped  round  it,  a  percussion  shell  may  be  extemporized,  which  explodes  with  a 
loud  report  when  dropped  upon  the  floor. 

OXIDES  OF  PHOSPHORUS. 

162.  There  are  only  two  compounds  of  phosphorus  with  oxygen  which 
have  been  obtained  and  satisfactorily  examined   in   the  separate  state, 
viz.,  phosphorous  acid  (P._,03),  and  phosphoric  add   (P.,O5).     The   sub- 
oxide  of  phosphorus  (P40)  is  said  to  have  been  obtained,  but  very  little 
is  known  of  it. 

Oxides  of  Phosphorus. 


Name. 

Formula. 

By  Weight. 

Phosphorus. 

Oxygen. 

Suboxide  of  phosphorus  ?  .  .  . 
Phosphorous  acid,  
Phosphoric  acid 

P40 
P203 

FA 

124 

62 
62 

16 

48 
80 

PHOSPHORIC  ACID. 
P2()5  =  142  parts  by  weight. 

163.  Phosphoric  acid  is  by  far  the  most  important  of  the  compounds 
of  phosphorus.  It  has  been  already  noticed  as  almost  the  only  form  of 
combination  in  which  that  element  is  met  with  in  nature,  and  as  an  in- 
dispensable ingredient  in  the  food  of  plants  and  animals.  No  other 
mineral  substance  can  bear  comparison  with  it  as  a  measure  of  the 
capability  of  a  country  to  support  animal  life.  The  acid  itself  is  very 
useful  in  calico-printing  and  some  other  arts. 

The  mineral  sources  Of  this  acid  appear  to  be  phosphorite,  coprolite, 
and  apatite,  all  consisting  essentially  of  phosphate  of  lime  (3CaO.P205), 
but  associated  in  each  case  with  fluoride  of  calcium,  which  is  also  con- 
tained, with  phosphate  of  lime,  in  bones,  and  would  appear  to  indicate 
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'•wever,  must  be  regarded  aa  the   chief   immediate   source 
whence  the  phosphate  of  lime  for  agricultural  purposes  is  derived. 

Ihdraicd  phosphoric  acid  is  obtained  from  l>one-ash  l.\  decomposing 
it  with  sulphuric  acid,  so  as  to  remove  as  much  of  tin-  lime  as  possible 
in  the  form  of  sulphate,  which  is  strained  »t!'.  and  the  acid  liquid  neu- 
tralized with  carbonate  of  ammonia,  which  precipitates   any  um  I 
phosphate  of  lime,  and  converts  the  phosphoric  acid  into  phospj. 
ammonia,  <  .iosphoric  acid,  \\ater.  and  ammonia.     <  >n  evapo- 

rating the  solution,  and  heating  the  phosphate  of  ammon:  nonia 

is  expelled,  and  hydrated  phosphoric  acid  ill  <>.r  <>  i-  l«-rt  in  a  fused 
state,  solidifying  to  a  glass  on  cooling.  Thus  prepared,  however,  it 
always  retains  some  ammonia,  and  is  contaminated  with  soda  d.-ii\.d 
from  the  bones. 

The  pure  h\d  rated  acid  is  prepared  by  oxidi/ing  pho>phor,i>  with 
diluted  nitric  acid  (sp.  gr.  |/jj,  and  evaporat  ini:  the  solution  in  a  plati- 
num dish,  until  the  h\  dialed  phosphoric  acid  begins  to  volatili/.e  in  \\hite 
fumes  — 

5(H,O.X,O4)  +  P4  ==  SCH.O.P.OJ  4-  2H,0  +   10NO. 
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The  water  cannot  be  separated  from  the  hydratcd  phosphoric  acid  by 
the  action  of  heat,  so  that  the  anhydrous  phosphoric  acid  must  be  pre- 
pared by  burning  phosphorus  in  dry  air. 

When  required  in  considerable  quantity,  the  anhydrous  phosphoric  acid  (JI/ION- 
phoric  anhydride]  is  prepared  by  burning  the  phosphorus  in  a  small  porcelain  dish 
(A,  Fig.  222)  attached  to  a  wide  glass  tube  (B)  for  introducing  the  phosphorus,  and 
suspended  in  a  glass  flask  with  two  lateral  necks,  one  of  which  is  connected  with  a 
tube  containing  pumice-stone  and  oil  of  vitriol  for  drying  the  air  as  it  enters,  whilst 
the  other  neck  is  provided  with  a  wide  tube  conveying  the  anhydrous  phosphoric 
acid  into  a  bottle  connected,  at  C.  with  an  aspirator,  or  cistern  of  water,  for  draw- 
ing air  through  the  apparatus.  The  first  piece  of  phosphorus  is  kindled  by  passing 
a  hot  wire  down  the  wide  tube,  but  afterwards  the  heat  of  the  dish  will  always 
ignite  the  fresh  piece  as  it  is  dropped  in. 

The  wide  tube  must  be  closed  with  a  cork  FIG.  223. 

whilst  the  phosphorus  is  burning. 

A  small  quantity  of  anhydrous  phosphoric 
acid  is  more  conveniently  prepared  by  burn- 
ing phosphorus  under  a  large  bell-jar  of  air, 
under  which  a  shallow  dish  of  oil  of  vitriol 
has  been  standing  for  an  hour  or  two  to  dry 
the  air.  This  dish  is  carefully  removed 
without  disturbing  the  air  within  the  jar, 
and  the  well-dried  phosphorus  is  introduced 
in  a  small  porcelain  crucible  standing  upon 
a  large  glass  plate.  The  phosphorus  having 
been  kindled  with  a  hot  wire,  the  flakes  of 
phosphoric  acid  will  be  seen  falling  like 

snow  on  to  the  glass  plate,  where  they  accumulate  in  a  layer  of  considerable  thick- 
ness. To  preserve  it,  the  phosphoric  acid  must  be  immediately  scraped  up  with  a 
bone  or  platinum  knife  and  thrown  into  a  thoroughly  dry  stoppered  bottle. 

Anhydrous  phosphoric  acid  may  be  fused  at  a  very  high  temperature, 
and  even  sublimed.  Its  great  feature  is  its  attraction  for  water ;  left 
exposed  to  the  air  for  a  very  short  time,  it  deliquesces  entirely,  becoming 
converted  into  hydrated  phosphoric  acid.  It  is  often  used  by  chemists 
as  a  dehydrating  agent,  and  will  even  remove  the  water  from  oil  of  vitriol. 
When  thrown  into  water,  it  hisses  like  a  red-hot  iron,  but  does  not  en- 
tirely dissolve  at  once,  a  few  flakes  of  hydrated  phosphoric  acid  remain- 
ing suspended  in  the  liquid  for  some  time.  Phosphoric  acid,  like  sul- 
phuric acid,  forms  three  definite  combinations  with  water,  but  in  the 
case  of  phosphoric  acid,  each  of  these  three  hydrates  is  a  different  acid, 
capable  of  producing  different  salts,  whereas  the  sulphuric  acid  gener- 
ates the  same  salts  in  whatever  degree  of  hydration  it  is  employed. 

The  solution  obtained  by  dissolving  anhydrous  phosphoric  acid  in 
water  contains  monohydrated  phosphoric  acid  or  metaphosp?ioric  acid 
(H2O.P2O5).  If  a  little  nitrate  of  silver  be  added  to  a  portion  of  it,  a 
transparent  gelatinous  precipitate  is  formed,  which  is  the  metaphosphate 
of  silver  (Ag.2O.N205  +  H2O.P20.  =  H..O.N./X  +  Ag2O.P2(X). 

If  the  solution  of  metaphosphoric  acid  be  heated  in  a  flask  for  a  short 
time,  it  will  lose  the  property  of  yielding  a  precipitate  with  nitrate  of 
silver,  unless  one  or  two  drops  of  ammonia  be  added  to  neutralize  it,  when 
an  opaque  white  precipitate  of  pyrophosphate  of  silver  (2A<>-,O.P.,O5)  is 
obtained,  for  the  phosphoric  acid  has  now  been  converted  into  the  dihy- 
draled  or  pyrophosphoric  acid  (2H2O.P2O5).  The  formation  of  the  pre- 
cipitate is  thus  expressed — 

2H2O.P202  +  2(Ag2O.N20.).+  2NH3  =  2Ag2O.P,05  +  2(NH8.HaO.NaOs). 


'PHOSPHORIC    AND    ORTHOPU08PHORIC    ACIDS. 
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If  the  dried  phosphate  of  soda  be  now  strongly  heated  over  a  lamp,  it  will  lose 
its  basic  water,  and  become  pyrophosphate  of  soda  (vvp^fire).  On  dissolving  this 
in  water,  the  solution  will  be  alkaline,  and  will  give  with  nitrate  of  silver  a  white 
precipitate  and  a  neutral  solution  — 

2Na2O.P805  +  2(Ag2O.N206)  =  2Ag2O.P205  +  2(Na2O.N2O5). 

Microcosmicsalt  (Na2O  (NH4)2O.H2O.P2O5.8Aq.),  when  dissolved  in  water,  yields 
an  iilkaline  solution  which  gives  a  yellow  precipitate  with  nitrate  of  silver,  the  liquid 
becoming  acid  — 

Na20(NH4)8O.H8O.P205  +  3(Ag2O.N2O5)  =  3Ag2O.P2O5  +  Na2O.N2O5  + 

But  if  the  salt  be  heated  in  a  crucible,  it  fuses,  evolving  water  and  ammonia,  and 
leaving  a  transparent  glass  of  metaphosphate  of  soda  (Na2O  P2O5),  which  may  be 
dissolved  by  soaking  in  water,  yielding  a  slightly  acid  solution,  which  gives  a  white 
gelatinous  precipitate  with  nitrate  of  silver,  the  liquid  being  neutral  — 

Na8O.P206  -f  Ag2O.N205  =  Ag2O  P2O5  -f  Na2O  N2O5. 

The  crystallized  metaphosphate  of  soda  retains  1  molecule  of  water  when  dried 
at  212°  F.,  becoming  Na2O.P2O5.H2O.  On  heating  this  to  300°  F.,  the  salt  is  con- 
verted into  the  acid  pyrophosphate  of  soda,  IS  a.,  6  H2O.P2O5.  the  water  having  as- 
sumed a  basic  character  in'  the  salt. 

All  the  phosphates  may  be  converted  into  tribasic  phosphates,  by  fusing  them 
with  an  alkaline  hydrate  or  carbonate  1 

164.  Phosphoric  acid  (P2O3)  is  the  product  of  the  slow  combustion  of  phosphorus. 
If  a  piece  of  phosphorus  be  heated  in  a  long  glass  tube,  into  which  a  very  slow  cur- 
rent of  dry  air  is  drawn  through  a  very  narrow  tube,  it  burns  with  a  pale  blue  flame, 
and  white  flakes  of  anhydrous  phosphorous,  acid  are  deposited  Phosphorous  acid 
is  more  easily  converted  into  vapor  than  phosphoric  acid.  It  eagerly  absorbs  mois- 
ture from  the  air,  and  is  decomposed  when  strongly  heated  in  a  sealed  tube,  yielding 
free  phosphorus  and  phosphoric  acid  ;  5P2O3  =  3P2O.  -f-  P4. 

If)/t/rated  phosphorous  acid  is  obtained  in  solution,  mixed  with  phosphoric  acid, 
when  sticks  of  phosphorus  arranged  in  separate  tubes,  open  at  both  ends,  and  placed 
in  a  funnel  over  a  bottle,  are  exposed  under  a  bell-jar,  open  at  the  top,  to  air  satu- 
rated with  aqueous  vapor.  To  obtain  the  pure  acid,  chlorine  is  very  slowly  passed 
through  phosphorus  fused  under  water,  when  the  terchloride  of  phosphorus  first 
formed  is  decomposed  by  the  water  into  phosphorous  and  hydrochloric  acids  j  2PC13 
+  6H2O  =  3H2O  P2O3  -f  6HC1.  The  hydrochloric  acid  is  expelled  by  a  moderate 
heat,  when  the  hydrated  phosphorous  acid  is  deposited  in  prismatic  crystals.  The 
water  cannot  be  separated  from  phosphorous  acid  by  heat;  when  the  hydrate  is 
heated,  it  is  decomposed  into  hydrated  phosphoric  acid  and  gaseous  phosphuretted 
hydrogen  ;  4(3H2O.P2O3)  =  3(3H2O.P2O5)  +  2PH3. 

Solution  of  phosphorous  acid  gradually  absorbs  oxygen  from  the  air,  becoming 
phosphoric  acid.  This  tendency  to  absorb  oxygen  causes  it  to  act  as  a  reducing 
agent  upon  many  solutions;  thus  it  precipitates  finely-divided  metallic  silver  from 
a  solution  of  the  nitrate,  by  which  its  presence  may  be.  recognized  in  the  water  in 
which  ordinary  phosphorus  has  been  kept.  The  solution  of  phosphorous  acid  even 
reduces  sulphurous  acid,  producing  sulphuretted  hydrogen  and  sulphur,  the  latter 
formed  by  the  action  of  the  sulphuretted  hydrogen  upon  the  sulphurous  acid; 


2SO,  +  2H2O  --  3(3H2O.P2O3)  =  2H2S  -f  3(8H2O.P2O5). 

If  solution  of  phosphorous  acid  be  poured  into  a  hydrogen  apparatus,  some  phos- 
phuretted hydrogen  is  formed  which  imparts  a  fine  green  tint  to  the  hydrogen 
flame.  When  solution  of  phosphorous  acid  is  mixed  with  a  slight  excess  of  solution 
of  soda,  and  carefully  evaporated,  crystals  are  deposited  which  have  the  composi- 
tion 2Na2O.P2O3.  11H2O.  From  these  crystals,  however,  only  10  molecules  of  water 
can  be  separated,  even  at  570°  F.,  leading  to  the  belief  that  the  elements  of  the  last 
molecule  of  water  really  belong  to  the  acid  itself,  and  that  the  true  formula  of  the 
phosphite  of  soda  dried  at  that  temperature  is  2NaaO.H,O.P2O.,  or  Na2PHO3.  If 
this  view  be  correct,  phosphorous  acid  should  form  two  chxsses'of  salts  ;  accordingly, 
\ve  find  the  acid  phosphites  containing  only  one  molecule  of  base,  the  absent  mole- 
cule being  represented  by  water.  Thus,  acid  phosphite  of  baryta  dried  at  212°  F. 

1  It  has  heen  remarked  that  the  pliancy  of  the  acid  character  of  phosphoric  acid  particularly  tits 
it  to  take  part  in  the  vital  phenomena.  It  may  be  regarded  as  three  acids  in  one. 
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PHOSPHIDES  or  HYDROGEN. 

167.  Although  phosphorus  and  hydrogen  do  not  combine  directly, 
there  are  three  compounds  of  these  elements  producible  by  processes  of 
substitution,  the  composition  of  which  is  shown  in  the  following  table: 


By  Weight. 

TffowMi 

Phosphorus. 

Hydrogen. 

Phosphuretted  hydrogen  gas,     .     . 

PH3 

31 

3 

Liquid  phosphide  of  hydrogen,  .     . 

PH2 

31 

2 

Solid  phosphide,  

P2H? 

62 

1 

Phosphuretted  hydrogen  gas  (PH3  =  34  parts  by  weight  =  2  vols.  = 
•|  vol.  P  +  3  vols.  H)  is  by  far  the  most  important  of  these.  It  has 
been  mentioned  above  as  resulting 

from  the  action  of  heat  upon  hy-  FIG.  226. 

drated  phosphorous  acid,  and  when 
prepared  by  this  process  it  is  ob- 
tained as  a  colorless  gas,  with  a 
most. powerful  odor  of  putrid  fish, 
inflaming  on  the  approach  of  a  light, 
and  burning  with  a  brilliant  white 
flame,  producing  thick  clouds  of 
phosphoric  acid.  It  is  slightly 
heavier  than  air  (sp.  gr.  1.19),  and 
has  been  liquefied  under  high  pres- 
sure. 

The  ordinary  method  of  preparing  this 
gas  for  experimental  purposes  consists  in 
boiling  phosphorus  with  a  strong  solution 
of  potash,  when  water  is  dec* imposed,  its 
hydrogen  combining  with  one  part  of  the 
phosphorus,  and  its  oxygen  with  another 
part  forming  hypophosphorous  acid,  which  unites  with  the  potash. 

A  few  fragments  of  phosphorus  are  introduced  into  a  small  retort  (Fig.  226), 
which  is  then  nearly  filled  with  a  strong  solution  of  potash  (sp.  gr.  1.8),J  and 
heated.  The  extremity  of  the  neck  of  the  retort  should  not  be  plunged  under 
water  until  the  spontaneously  inflammable  gas  is  seen  burning  at  the  orifice,  and 
the  retort  must  not  be  placed  close  to  the  face  of  the  operator,  since  explosions  some- 
times take  place  in  preparing  the  gas,  and  the  boiling  potash  produces  dangerous 
eflVcts.  The  gas  may  be  collected  in  small  jars  filled  with  water,  taking  care  that  no 
bubble  of  air  is  left  in  them.  It  contains  pnofiphuretted  hydrogen,  mixed  with  free 
hydrogen,  the  latter  being  formed  from  the  deoxidation  of  water  by  the  hypophos- 
phite  of  potash.  As  each  bubble  of  this  gas  escapes  into  the  air  through  the  water 
of  the  pneumatic  trough,  it  burns  with  a  vivid  white  flame,  producing  beautiful 
wreaths  of  smoke  (phosphoric  acid),  resembling  the  <f>niner's  rings  sometimes  seen 
in  firing  cannon.  Small  bubbles  sometimes  escape  without  spontaneously  inflaming. 
If  a  bubble  be  sent  up  into  ajar  of  oxygen,  the  flash  of  light  is  extremly  vivid,  and 
the  jar  must  be  a  strong  one  to  resist  the  concussion.  It  is  advisable  to  add  a  trace 
of  chlorine  to  the  oxygen  to  insure  the  inflammation  of  each  bubble,  for  an  accu- 
mulation of  the  gas  would  shatter  the  jar. 

If  this  gas  be  passed  through  a  tube  cooled  in  a  freezing  mixture  of  ice  and  salt, 
the  gas  escaping  from  the  tube  is  found  to  have  lost  its  spontaneous  inflammability, 


Preparation  of  phosphuretted  hydrogen. 


450  grains  of  common  stick  potash  dissolved  in  1000  grains  of  water. 
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Some  of  the  hydrated  organic  acids  (succinic,  for  example)  may  be  obtained  in 
the  anhydrous  state,  as  the  boracic  acid  is  in  this  case,  by  distillation  with  penta- 
chloride  of  phosphorus.  Theoxychloride  of  phosphorus  distils  over  (boiling-point, 
230°  F.)  as  a  heavy  (pp.  gr.  1.7)  colorless  fuming  liquid  of  pungent  odor.  Of  course 
it  is  decomposed  by  water,  yielding  hydrochloric  and  phosphoric  acids.  It  will  be 
found  of  the  greatest  use  in  effecting  certain  transformations  in  organic  substances. 

The  analogy  hetween  water  and  hydrosulphuric  acid  would  lead  to  the  expecta- 
tion that  a  sulphoc/tloride  of  phosphorus  (PC13S),  corresponding  to  the  oxychloride, 
would  be  formed  by  the  action  of  hydrosulphuric  acid  upon  pentachloride  of  phos- 
phorus :  PC15  +  H2S  =  PC13S  +  2HC1.  It  is  a  colorless  fuming  liquid,  which  is 
slowly  decomposed  by  water,  giving  phosphoric,  hydrochloric,  and  hydrosulphuric 
acids:  2PC13S  +  8H2O  =  3H2O.P2O-  4-  (5HC1  +  2H2S.  When  acted  on  by  solu- 
tion of  soda,  the  sulphochloride  of  phosphorus  loses  its  chlorine  to  the  sodium,  and 
acquires  an  equivalent  quantity  of  oxygen,  a  snlphoxy phosphate  of  soda  (3Na2O.P2 
O3S2  24H2O)  being  deposited  in  crystals.  This  salt  evidently  corresponds  in  com- 
position to  the  triphosphate  of  soda  (3N"a2O.P2O3.24H.,O),  and  its  production  is  ex- 
pressed by  the  equation:  2PC13S  +  6Na2O  =  tiNaCl  4-  3N"a2O. P2OSS2.  Salts  of 
similar  composition  may  be  obtained  with"  other  metallic  oxides. 

The  bromides  and  oxybromide  of  phosphorus  correspond  to  the  chlorine  corn- 
pounds. 

Iodine  in  the  solid  state  combines  very  energetically  with  phosphorus,  but  if  the 
two  elements  be  brought  together  in  a  state  of  solution  in  bisulphide  of  carbon,  a 
more  moderate  action  ensues,  and  two  iodides  of  phosphorus  may  be  obtained  in 
crystals;  a  teriodide  (PI3)  corresponding  to  the  terchloride,  and  a  biniodide  (PJ2), 
which  has  no  analogue  either  among  the  oxygen,  chlorine,  or  bromine  compounds 
of  phosphorus. 

The  addition  of  a  very  small  quantity  of  iodine  to  ordinary  phosphorus,  fused  in 
a  flask  filled  with  carbonic  acid  gas,  materially  accelerates  its  conversion  into  the 
red  modification,  and  allows  the  change  to  be  effected  at  a  much  lower  temperature 
than  that  required  when  the  phosphorus  is  heated  alone.  This  has  been  ascribed  to 
the  disposition  of  the  electronegative  iodine  to  cause  the  phosphorus  to  assume  the 
positive  or  amorphous  state  when  entering  into  combination  with  it ;  this  compound 
being  decomposed  by  heat  with  separation  of  amorphous  phosphorus,  the  iodine 
combines  with  a  fresh  portion  of  the  phosphorus,  which  is  converted  in  the  same 
way. 

169.  The  sulphides  of  phosphorus  may  be  formed  by  the  direct  combination  of 
their  elements.     If  ordinary  phosphorus  be  used,  the  experiment  is  not  unattended 
with  danger,  and  should   be  performed  under   water.     It  is  safer  to  combine  the 
amorphous  phosphorus  with  sulphur,  at  a  moderate  heat,  in  an  atmosphere  of  car- 
bonic acid. 

There  appear  to  be  at  least  three  sulphides  of  phosphorus,  viz.,  the  protosulphide 
(P2S),  the  sesquisulphide  (P2S3),  representing  phosphorous  acid  (P2O3),  and  the 
pentasulphide  (P2S5),  analogous  to  phosphoric  acid  (P2O5). 

P2S  is  a  yellow  oily  liquid  which  may  be  distilled  out  of  contact  with  air. 

P2S3  is  a  yellow  solid,  easily  fusible,  and  capable  of  subliming  in  a  crystalline 
form  if  air  be  excluded.  It  may  be  produced  by  the  action  of  hydrosulphuric  acid 
upon  terchloride  of  phosphorus:  2PC13  +  3H2S  =  P2S3  +  6H(Jl. 

P2S5  crystallizes  more  readily  in  a  lused  state  than  P2S3.  Both  these  sulphides, 
unlike  the  protosulphide,  are  easily  decomposed  by  water.  All  the  sulphides  are 
sulphur-acids. 

170.  Action  of  Ammonia  upon  Anhydrous   P/iosphoric  Acid. — Some  remarkable 
stable  and  definite  compounds,  containing  nitrogen  and  phosphorus,  are  derived 
from  the  action  of  ammonia  on  anhydrous  phosphoric  acid,  and  the  study  of  their 
mode  of  formation   will  be  found  to  throw  some  light  upon  the  history  of  a   very 
large  and  important  class  of  organic  substances  known  as  the  amides. 

Anhydrous  phosphoric  acid  absorbs  ammoniacal  gas  with  great  evolution  of  heat, 
and  produces,  not  phosphate  of  ammonia,  for  that  cannot  be  formed  unless  water 
is  present,  but  the  ammoniacal  salt  of  a  new  acid,  p/tosp/ia/riic  acid,  which  contains 
the  elements  of  acid  phosphate  of  ammonia  (NH4)2O.2H.,O.P2O5  minus  four  mole- 
cules of  water : 

2NH3      +      P205      =      H20      +      N2H4  2O4  (Phosphamic  Acid}. 

When  gently  heated  with  water,  phosphamic  acid  is  converted  into  acid  phosphate 
of  ammonia. 
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In  its  mode  of  occurrence  in  nature  it  more  nearly  resembles  the  sul- 
phur group  of  elements,  for  it  is  occasionally  found  in  the  uncombined 
state  (native  arsenic),  but  far  more  abundantly  in  combination  with 
various  metals,  forming  arsenides,  which  frequently  accompany  the  sul- 
phides of  the  same  metals.  The  following  are  some  of  the  chief  arsenides 
and  arsenic-sulphides  found  in  the  mineral  kingdom : 

Kupferniekel,  NiAs. 

Arsenical  nickel,  NiAs2. 

Tin-white  cobalt,  CoA?2. 

Mispickel  or  arsenical  pyrites,  FeS2.FeAsr 

Cobalt-glance,  CoS2.OAs2. 

Nickel-glance,  NiS2.NiAs2. 

But  arsenic  also  occurs,  like  the  metals,  in  combination  with  sulphur, 
thus  we  have — 

Red  orpiment  or  realgar, 
Yellow  orpiment, 

It  is  from  these  minerals  that  arsenic  derives  its  name  («/><T£vtxov,  orpi- 
me.nt),  and  the  sulphides  of  arsenic  being  sulphur-acids,  are  found  in 
combination  with  other  sulphides ;  thus  red  silver  ore  is  a  compound  of 
the  sulphides  of  silver  and  arsenic  (3Ag2S.As2S3) ;  Tennantite  contains 
sulphide  of  arsenic  combined  with  the  sulphides  of  iron  and  copper  ;  and 
gray  copper  ore  is  composed  of  sulphide  of  arsenic  with  the  sulphides  of 
copper,  silver,  zinc,  iron,  and  antimony.  In  an  oxidized  form  arsenic  is 
found  in  condurrite,  which  contains  arsenious  acid  (As.203)  and  suboxide 
of  copper.  Cobalt-bloom  consists  of  arseniate  of  cobalt  (3CoO.As205). 

Arsenical  pyrites  is  one  of  the  principal  sources  of  arsenic  and  its 
compounds,  though  a  considerable  quantity  is  also  obtained  in  the  form 
of  arsenious  acid  as  a  secondary  product  in  the  working  of  certain  ores, 
especially  those  of  copper,  tin,  cobalt,  and  nickel. 

The  substance  used  in  the  arts  under  the  name  of  arsenic  is  really  the 
oxide  of  arsenic  or  arsenious  acid  (AsaOs);  pure  arsenic  itself  has  very 
few  useful  applications,  so  that  it  is  not  the  subject  of  an  extensive 
manufacture.  It  can  be  extracted  from  arsenical  pyrites  (FeS2.Fe As.,) 
by  heating  it  in  earthen  C37linders  fitted  with  iron  receivers,  in  which 
the  arsenic  condenses  as  a  metallic-looking  crust,  the  heat  expelling  it 
from  the  pyrites  in  the  form  of  vapor. 

On  a  small  scale  it  may  be  obtained  by  boating  a  mixture  of  arsenious  acid  with 
half  its  weight  of  recently  calcined  charcoal  in  a  crucible  (Fig.  -27),  the  mixture 
being  covered  with  two  or  three  inches  of  charcoal  in  very  small  fragments,  and  the 
crucible  so  placed  that  this  charcoal  may  be  heated  to  redness  first,  in  order  to  insure 
the  reduction  of  any  arsenious  acid  which  might  escape  from  below.  In  order  to 
collect  the  arsenic,  another  crucible,  having  a  small  hole  drilled  through  the  bottom 
for  the  escape  of  gas,  is  cemented  on  to  the  first,  in  an  inverted  position,  with  fire- 
clay, and  protected  from  the  fire  by  an  iron  plate  with  a  hole  in  it  for  the  crucible. 
The  reduction  of  arsenious  acid  by  charcoal  is  thus  represented — 

As./)3     -f     C3     =     As2     +     SCO. 

For  the  sake  of  illustration,  a  small  quantity  of  arsenic  may  be  prepared  from 
arsenious  acid  by  a  method  commonly  employed  in  testing  for  that  substance.  A 
small  tube  of  German  glass  is  drawn  out  to  a  narrow  point  (A,  Fig.  228),  and  sealed 
with  the  aid  of  the  blowpipe.  A  very  minute  quantity  of  arsenious  acid  is  intro- 
duced into  the  point  of  the  tube,  and  a  few  fragments  of  charcoal  are  placed  in  the 
tube  itself  at  B.  The  charcoal  is  heated  to  redness  with  a  blowpipe  flame,  and  the 
point  is  then  heated  so  as  to  drive  the  arsenious  acid  in  vapor  over  the  red-hot  charcoal, 
when  a  shining  black  ring  of  arsenic  (C)  will  be  deposited  upon  the  cooler  portion 
of  the  tube. 

18 
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The  arsenic  thus  ,  ii  a  brittle  mafia  of  a  dark  steel-gray  • 
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Kx  traction  of  arsenic. 


Reduction  of  mreeniou.  acid. 


is  not  changed  by  exposure  to  air,  unless  powdered  and  moistened. 
wht'M  it  is  slowly  converted  into  arsenious  acid.  When  heated  in  air. 
it  oxidizes  rapidly  at  about  160°  FM  giving  off  white  fumes  of  arsrnious 
acid  and  a  characteristic  garlic  odor  (recalling  that  «>!'  phosphorus).  At 
a  red  heat  it  burns  in  air  with  a  bluish-white  flame  and  in  ..\\-en  with 
great  brilliancy.  It  is  not  dissolved  by  water  or  any  simple  solvent 
(herein  resembling  the  metals),  but  is  oxidized  and  dissolved  by  nitric 

arid 

In  its  chemical  relations  to  other  elements,  arsenic  much  resembles 
phosphorus,  undergoing  spontaneous  combustion  in  chlorine,  and  easily 
combining  with  sulphur.      Like  phosphorus  also,  it  combines  with  many 
metals,  even  with  platinum,  to  form  arsenides,  and  its  pre>- 
affects  materially  the  properties  of  the  useful  metals.     There  are  some 
reasons  for  believing  in  the  existence  of  two  allotropic  forms  of  a: 
dillerin^  in  chemical  activity  like  those  of  phosphoric. 

Cure  arsenic  does  not  produce  symptoms  of  poisoning  till  a  eon 
able  period  after  its  administration,  being  probably  tirst  «.\idi/» -d  in  the 
stomach  and  intestines,  and  1  into  arsenious  acid. 

OXIDES  OP  ARSK 

1  ~  -.  Arsenic  forms  two  well-defined  acids  with  oxygen,  correspond  in- 
to phosphorus  and  phosphoric  a 
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AR8ENIOU8   ACID   (As,0,  =  1W  paru  by  weight  -=  1  TO!.  —  1  vol    AJ  * 
8  ToU.  O).1 — Unlik.-  |  us,  arsenic,  when  burning  in  air.  only  com- 

>r  b  196  tlm«  that  of  bydrofva,  iMtMd  of  M  UBW, 
wrdioc  to  UM  uMial  f»w. 
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bines  with  three  atoms  of  oxygen.  Arsenious  acid,  or  white  arsenic,  is 
a  very  useful  substance  in  many  branches  of  industry.  It  is  employed 
in  the  manufacture  of  glass,  of  several  coloring  matters,  and  of  shot.  A 
large  quantity  is  also  consumed  for  the  preparation  of  arsenic  acid  and 
arseniate  of  soda;  it  is  indeed  the  source  from  which  nearly  all  the 
compounds  of  arsenic  are  procured.  Small  quantities  of  crystalline 
arsenious  acid  are  occasionally  found  associated  with  the  ores  of  nickel 
and  cobalt. 

Arsenious  acid  is  manufactured  by  roasting  the  arsenical  pyrites, 
chiefly  obtained  from  the  mines  of  Silesia,  in  muffles  or  ovens,  through 
which  air  is  allowed  to  pass,  when  the  arsenic  is  converted  into  arsenious 
acid,  and  the  sulphur  into  sulphurous  acid,  which  are  conducted  into 
large  chambers,  in  which  the  arsenious  acid  is  deposited  as  a  very  fine 
powder.  The  iron  of  the  pyrites  is  left  partly  as  oxide,  and  partly  as 
sulphate  of  iron.  The  removal  of  the  arsenious  acid  from  the  condensing 
chambers  is  a  very  unwholesome  operation,  owing  to  its  dusty  and  very 
poisonous  character.  The  workmen  are  cased  in  leather,  and  protect 
their  mouths  and  noses  with  damp  cloths,  so  as  to  avoid  inhaling  the 
fine  powder. 

This  rough  arsenious  acid  is  subjected  to  a  second  sublimation  on  a 
smaller  scale  in  iron  vessels,  when  it  is  obtained  in  the  form  of  a  semi- 
transparent  glassy  mass  known  as  vitreous  arsenious  acid,  which  gradu- 
ally becomes  opaque  when  kept,  and  ultimately  resembles  porcelain. 
The  white  arsenic  sold  in  the  shops  is  a  fine  powder  dangerously 
resembling  flour  in  appearance,  but  so  much  heavier  (sp.  gr.  3.1)  that  it 
ought  not  to  be  mistaken  for  it.  When  examined  under  the  microscope, 
it  appears  in  the  form  of  irregular  glassy  fragments,  mixed  with  octa- 
hedral crystals.  Arsenious  acid  softens  when  gently  heated,  but  does 
not  fuse  (unless  in  a  sealed  tube),  being  converted  into  vapor  at  380°  F., 
and  depositing  in  brilliant  octahedral  crystals  upon  a  cool  surface.  The 
experiment  may  be  made  in  a  small  tube  sealed  at  one  end,  the  upper 
part  of  which  should  be  slightly  warmed  before  heating  the  arsenious 
acid,  so  as  to  prevent  too  rapid  condensation,  which  is  unfavorable  to 
the  formation  of  distinct  crystals.1  The  octahedra  are  best  examined 
with  a  binocular  microscope.  This  common  poison  may  fortunately  be 
still  more  easily  recognized  by  sprinkling  it  upon  a  red-hot  coal,  when 
a  strong  odor  of  garlic  is  perceptible,  due  to  the  reduction  of  the  acid 
by  the  heated  carbon ;  the  vapor  of  arsenious  acid  itself  is  inodorous. 
The  sparing  solubility  of  arsenious  acid  in  water  is  very  unfavorable  to 
its  action  as  a  poison,  for,  when  thrown  into  ordinary  liquids,  it  is  dis- 
solved in  very  small  quantity,  the  greater  part  of  it  collecting  at  the 
bottom.  Even  when  arsenious  acid  is  taken  into  the  stomach  in  a  solid 
state,  its  want  of  solubility  delays  its  passage  into  the  blood  sufficiently 
to  give  a  better  chance  of  antidotal  treatment  than  in  the  case  of  most 
other  common  poisons.  Its  comparative  insolubility  is  shown  by  its 
being  almost  tasteless. 

When  thrown  into  water,  arsenious  acid  exhibits  great  repulsion  for 
the  particles  of  that  liquid,  and  collects  in  a  characteristic  manner  round 
little  bubbles  of  air,  forming  small  white  globes  which  are  not  wetted 
by  the  water.  Even  if  the  acid  be  stirred  with  the  water,  and  allowed 
to  remain  in  contact  with  it  for  some  hours,  a  pint  of  water  (20  oz.) 

1  When  arsenious  acid  is  fused  in  a  long  tube,  sealed  at  both  ends,  and  buried  in  hot  sand,  the 
mass,  after  cooling,  is  found  to  contain  some  prismatic  crystals,  which  are  also  sublimed  on  those 
parts  of  the  tube  which  have  been  heated  above  390°  F. 


-To  AKSKMTKS. 

not  take    up  more  than  -JH  grs.  of  MI  The 

dose  which  has  been  kn«.\M.  ...  -T-.     If  licilin. 

:r.-d    upon    |..-\\.l.  I.   and  allowed   to   remain   in 

•h  it  till  ••"!<!.  it  will  dissolve  about  ^0  of  its  weight  (22  grs. 
in  a  pint  i. 

When  p..  iooi  arid   is  boiled  with  water  for  two  or  three 

hours,  100  parts  by  weight  of  water  may  be  mad.   to  dissolve  1  !..">  purls 
of  tin-   arid,  and  when  the   solution  is  allowed  to  cool,  about 

;d  will  be  deported   iii  o.tali. -dral  rrystals,  leaving  2.5  part-  di- 
I  in  100  of  water  (219  grs.  in  a  pint  >. 

This   great    increase  in  the  solubility  of  the   arsenious  acid   by  long 
boiling  with  water,  is  usually  attributed  to  the  »  <>M  version  of  the  . 

-tallinc  variety  of  the  acid,  which  always  .-"nip, ,-,.-  the  powder, 
intr)  the  vitreous  modification,  wliieh  is  the  more  soluble  in  water. 
.  heated  with  arsenious  acid  in  a  sealed  tube,  may  be  mad.-  to  dis- 
solve its  own  weight  of  t  as  the  solution  ooolft,  it  first  d.-p-^its 
prismatic  crystals,  and  afterwards  the  ordinary  ..etahedral  f..nn.  The 
solution  of  arsenious  acid  is  very  feebly  a.  id  to  i.lue  litmus.paper. 

DiOQI  arid  dissolves  abundantly  in  hot  liydmelilori,-  :lrj«|  (:l  p:l,-t 
•  .f  it  beini:  Converted  into  terrhloride  of  arsenic),  and  as  the  solution 
cools,  part  of  the  acid  is  deposited  in  large  octahedral  crystals.  It  is 
said  that  if  the  vitreous  arid  be  dissolved  in  hydrochloric  arid,  the  for- 
mation of  these  crystals  will  be  attended  by  flashes  of  light,  visible  in  a 
darkened  room;  but  the  opaque  variety  does  not  exhibit  this  phenom- 
enon. 

The  vitreous  arsenious  acid  has  a  slightly  higher  specific  gravity  than 
the  opaque  form,  and  fuses  rather  more  easily.     The  opaque  variety  ap- 

:itiral  in  its  p,  f:illi/rd  ar^eni«»ns  | 

Solutions  of  the  alkalies  readily  dissolve  ar-eniou^  arid,  forming  alka- 
1  he  solutions  of  which  are  capable  of  dissolving  arsenious 
arid  n. ore  easily  than  water,  and  drpo^it  it  in  crystals  on  roolin«_r.      Ar- 
senious acid  i-  soinrt  im.  I  -olu- 
lion    in    potash,  and    the    -anie  form    of  crystallixed    arsenious    arid    has 
•••und  native.      On  adding  a  small  quantity  of  hydrochloric  acid  to 
the  solution  <>f  the  alkaline  arseuite,  a  white  precipitate  of  arsenious 

formed. 

Arsenious  acid    ha-    the    properly   <»f   preventini:   the    putrefaction    of 
:id  similar  -ul-tanres,  and    i-   occa-ionsilly  empl«.\ed  for  the  pr.->- 
.•cts  of  natural  history. 
AnrakMM    Mid  dO6l    D04   dtSlrOV  'he   alkaline  reaction  of 

the  alkalies,  and  it  does  not  decompose  the  alkaline  carl atr-  unir-- 

heat  it*  ap|.lied,  pro\  it.-  of  ammonia 

v   unstable,  evolving  ammonia   fn-ely   when   exposed   to  the  air. 

I    arid    i-  ition    of  amm«mi:i. 

hcdral  crystals  of  the  acid  are  deposited   on   coob;  -h-taniling 

resence  of  ammoni.i  in  large  excess. 
When  th-  itM  of  p,,ta-h  and  -o.P,  d  with  an 

•-us  arid,  brill  nt  Lrla<-e-  •.  \vlii«-li  are  sim- 

ilar in  Ml  of   I,.  (>    and   Na_n.i>.\-  '  ' 

ar-enitr  I.e  fn-ed  in  contact   witli  platinum,  the  latter  is 
.niiiu'  with    a   sina,  >n    of  ar-eiiic   to  form    a 

•  •f  platinum,  a  portion  ..f  tin-  ar-enioiis   arid  beini;  c<.n- 
:    into   :ir-.  '      '  '  \  -  «  '  \  -  .      The  alk  ; 

ma'.--  are  BO  niu<-li  more  -t  •»».!.•  t  ha  n   t  he  ai  -i-n  i*  ••-.  t  hat   th«-  lat  t«-r  exhil-it 
a  great  tendency  to  pa--  into  the  former  with  s.-paiation  of  arsenic. 


ARSENITES.  277 

In  consequence  of  the  feeble  acid  character  of  arsenious  acid,  and  the 
want  of  stability  of  the  alkaline  arsenites,  there  is  some  difficulty  in  as- 
certaining whether  it  is  a  monobasic  acid  or  otherwise.  The  arsenite  of 
silver  (3Ag2O.As2O3),  however,  contains  3  molecules  of  oxide  of  silver 
combined  with  198  parts  of  arsenious  acid;  and  arsenite  of  zinc  (3ZnO. 
As2O3)  contains  3  molecules  of  oxide  of  zinc  combined  with  1(.)8  parts  of 
arsenious  acid.  Moreover,  the  arsenite  of  magnesia,  dried  at  400°  F., 
has  the  composition  2MgO.H2O.As203,  so  that  arsenious  acid  would  ap- 
pear to  resemble  boracic  acid,  in  requiring  3  molecules  of  potash  or  soda 
to  form  a  completely  saturated  compound.  No  compound  of  the  anhy- 
drous acid  with  water  or  its  elements  has  yet  been  obtained. 

The  arsenites  of  potash  and  soda  in  solution  are  sometimes  employed 
as  sheep-dipping  compositions;  and  an  arsenical  soap,  composed  of  ar- 
senite of  potash,  soap,  and  camphor,  is  used  by  naturalists  to  preserve 
the  skins  of  animals.  Arsenite  of  soda  is  also  occasionally  employed 
for  preventing  incrustations  in  steam  boilers,  being  prepared  for  that 
purpose  by  dissolving  2  molecules  of  arseuious  acid  in  1  molecule  of 
carbonate  of  soda. 

Scheele's  green  is  an  arsenite  of  copper  (2CuO.H2O.As2O:j)  prepared 
by  dissolving  arsenious  acid  in  a  solution  of  carbonate  of  potash,  and 
decomposing  the  arsenite  of  potash  thus  produced  by  adding  sulphate 
of  copper,  when  the  arsenite  of  copper  is  precipitated.  This  poisonous 
color  is  used  to  impart  a  bright  green  tint  to  paper  hangings,  and  is 
sometimes  injurious  to  the  health  of  the  occupants  of  rooms  thus  deco- 
rated, since  the  arsenite  of  copper  is  often  easily  rubbed  off  the  paper, 
and  diffused  through  the  air  in  the  form  of  a  fine  dust,  a  small  portion 
of  which  is  inhaled  with  every  breath. 

The  presence  of  the  ursenite  of  copper  in  a  sample  of  such  paper  is  roadily  proved 
by  soaking  it  in  a  little  ammonia,  which 

will  dissolve  the  arsenite  of  copper  to  a  FIG.  229. 

blue  liquid,  the  presence  of  arsenic  in 
which  may  be  shown  by  acidifying  it 
with  a  little  pure  hydrochloric  acid,  and 
boiling  with  one  or  two  strips  of  pure 
copper,  which  will  become  covered  with 
a  steel-gray  coating  of  arsenide  of  copper. 
On  washing  the  copper,  drying  it  on  niter- 
paper,  and  heating  it  in  a  small  tube  (Fig 
229),  the  arsenic  will  be  converted  into 
arsenious  acid,  which  will  deposit  in  bril- 
liant octahedral  crystals  on  the  cool  part 
of  the  tube.  It  is  obvious  that,  to  avoid 
mistakes,  the  ammonia,  hydrochloric  acid, 

and  copper  should  be  examined  in   precisely  the  same  way,  without  the  suspected 
paper,  so  as  to  render  it  certain  that  the  arsenic  is  not  derived  from  them. 

The  effective  green  color  of  the  arsenite  of  copper  also  leads  to  its  em- 
ployment as  a  color  for  feathers,  muslin,  &c.,  where  it  is  very  injurious 
to  the  health  of  the  work-people.  It  has  even  been  ignorantly  or  reck- 
lessly used  for  coloring  twelfth-cake  ornaments,  &c. 

In  quantities  short  of  poisonous  doses,  arsenious  acid  appears  to  have 
a  remarkable  effect  upon  the  animal  body.  Grooms  occasionally  employ 
it  to  improve  the  appearance  of  horses,  and  in  St}'ria  it  seems  to  be 
taken  by  men  and  women  for  the  same  purpose,  apparently  favoring  the 
secretion  of  fat.  It  is  said  that  a  continuance  of  the  custom  develops 
a  craving  for  this  drug,  and  enables  large  doses  to  be  taken  without  im- 
mediate danger,  though  the  ultimate  consequences  are  very  serious. 
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of  arsenite  of  potash  (  has  long  been  used 

in  n. 

/  (As.O,  =  230  parts  by  weight).— This  acid  has  ac- 

1  u'ivat   importance  in  tin-  chemical    arts  dnriii'j;  the   last 

_:    been    employed     t"     replace   \  lie    eXpcllsi.  10    acid    II- 

[.rintiiiL:,  and  t..  furnish.  \>\  >n  upon  aniline,  the  in: 

cent  d\e  known  as  May> 

Arsenic  arid  is  prepared  liy  oxidizing  arsenious  acid  with  three  fourths 
of  its  weight  of  nitric  acid  of  sp.  gr.  1.35,  when  it  di--ol\-i •>  with  evolu- 
tion of  much  heat  and  abundant  red  fumes  of  nitrous  acid — 

As,0,  +  HfO.N,0,  -I-  2H,0  ==  N,0,  +  3H,O.As,04. 

After  cooling,  the  solution  deposits  very  deliquescent  |.ii-m:iti.-  crystals 
!  O.As,O5.Aq.    When  these  are  heated  to  L'lJ    I. th.yui.lt, 
and  the  liquid  gradually  ClepOfftti  needle-like  crystals  of  trihvdi.v 

.senic  :i« -id,  .'111  ,O.AstO6,  corresponding  to  common  or  trilin-ir  pliosplmrie 
acid.  At  M  I.V.IIMU  JH,O.As,O5  may  be  obtnine  1 

teni|.er:itnre  ••!'  500°  F.  a  white  mass  of  anhydrous  arsenic  acid  (Aft.0  i 
is  left.  If  this  be  heated  tO  rtdMM,  it  fuses  and  is  dee«»ni|...-.ed  int«» 
:i!->  n ions  acid  and  oxygen. 

hydrates  of  arsenic  acid  have  acquired  unusual  im|M»rt:m< -e,  in 
consequence  of  a  costly  trial,  in  the  law  r.mrN.nf  the  question,  \\hether 
the  patent  for  Magenta  d\e  couM  he  pr<in<>nn<T<i  in\alid  l»erau-e  tin- 
patentee  had  described  it  :i"  beini:  ppMlneible  by  the  aetim, 

senic  acid  upon  aniline  ;  whereas  the  nnl,;/,l,-  .  :i.  tin.'  ii| aniline, 

will  not  furnish  the  color,  though  either  of  the  solid  (and  therefore  '// v 
in  popular  language)  hydrates  will  do  so.  The  patent  tnally 

invalidated,  though  not  merely  upon  this  question. 

Anhydrous  arsenic  acid  has  very  much  less  attraction  for  water  than 
the  anhydrous  phosphoric  add  to  which  it  corresponds;  it   d'-li-j 
slowly  in  air,  and  dissolves  rather  reluctantly  in  wmt          Neither  does 
it    appear  that  its   roml.inat ions  with  water    dill'cr  from  eaeh    other,  like 
the  phosphoric  acids,  in  the  salts  to  which  they  ^\ 

forining  iriliasiu  salts  only,  like  common  phosphoric  acid.      The    ai-.ni- 

ates  correspond  very  closely  to  the  tiil>a->ic  phoxphaie*  \\ith  which  they 

in  .ij,|M,u8  (i.e.,  identical    in    crystalline    form  i.      Thu>  the    three 

latet  of  soda  are  similar  in  comport  ion  \»  \  he  t  luce  1 1  iha-ic  pho>- 

phatesof  so. la.  their  formula-  bell  '  .i'l  \   |.  :    2Nl  <>  II 

i  j||  ,  .    \     M    \  ,.      Uutif  I       '          .-'     .'-'•• 

ioM  their  basic  water  without  giving  rise  to  new  salt-,  correspond 
ing  to  •  i  inetaphosphate  Oi  --d  resiun. 

former  con. lit  ion  when  plac.-d  in  coiita.-t   \\it! 

\  i  (  1. 1 1  <  i    \     '  ' 

Used  bv  .--ilico  printers  as  a  sul.-tit  ut.  •  merl\   em- 

'union  pho-p1  .  >xes  the  feeLly 

!i--piire  1  in  that  particular  par?  of  the  pn-ce-s.      It  is 

rnaniil  I   «itli  ^",|a.  .-mil    heatinu'  the 

resulting  |  ia  with    n  >.  from  «hi<-h  it   acijuires 

Ari»»  il  a  much  moir  p.,werful  acid  th 

trable.  in  'hi-%  n-peet .  w  it  h  phosphoric  a.-iil.      It  a;  l»e  less 

id, 
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174.  Arsenietted  Hydrogen  (AsH3  =  78  parts  by  weight  =  2  vols.  = 
^  vol.  As  +  3  vols.  H). — The  only  compound  of  arsenic  and  hydrogen, 
the  existence  of  which  has  been  satisfactorily  established,  is  that  which 
corresponds  to  ammonia  and  phosphnretted  hydrogen  gas,  and  is  repre- 
sented by  the  formula,  AsH3.  It  is  prepared  by  the  action  of  sulphuric 
acid  diluted  with  three  parts  of  water  upon  the  arsenide  of  zinc,  obtained 
by  heating  equal  weights  of  zinc  and  arsenic  in  an  earthen  retort;  Zn,As2 
+  3(H2O.SO3)  =  2AsH3  +  3(ZnO.S03).  The  gas  is  so  poisonous  in  its 
character  that  its  preparation  in  the  pure  state  is  attended  with  danger. 
It  has  a  sickly  alliaceous  odor,  and  may  be  liquefied  at  — 40°  F.  It  is 
inflammable,  burning  with  a  peculiar  livid  flame,  producing  water  and 
fumes  of  arsenious  acid  ;  2AsH3  +  06  =  As203  +  3H20.  The  chief  in- 
terest attaching  to  this  gas  depends  upon  the  circumstance  that  its  pro- 
duction allows  of  the  detection  of  very  minute  quantities  of  arsenic  in 
cases  of  poisoning. 

The  application  of  this  test,  known  as  Marsh's  test,  is  the  safest  method  of  pre- 
paring arsenietted  hydrogen  in  order  to  study  its  properties,  for  it  is  obtained  so 
largely  diluted  with  free  hydrogen  that  it  ceases  to  be  so  very  dangerous.  Some 
fragments  of  granulated  zinc  are  introduced  into  a  half-pint  bottle  (Fig.  230),  pro- 
vided with  a  funnel-tube  (A),  and  a  narrow  tube  (B)  bent  at  right  angles  and  drawn 
out  to  a  jet  at  the  extremity  ;  this  tube  should  be  made  of  German  glass,  so  that  it 


FIG.  230. 


FIG.  232. 


FIG.  231. 


may  not  fuse  easily.  The  bottle  having  been  about  one-third  filled  with  water,  a 
little  diluted  sulphuric  acid  is  poured  down  the  funnel-tube  so  as  to  cause  a  moder- 
ate evolution  of  hydrogen,  and  after  about  five  minutes  (to  allow  the  escape  of  the 
air)  the  hydrogen  is  kindled  at  the  jet.  If  a  few  drops  of  a  solution  obtained  by 
boiling  arsenious  acid  with  water  be  now  poured  down  the  funnel,  arsenietted  hy- 
drogen will  be  evolved  together  with  the  hydrogen — 

As2O3  -f  Zn6  -|-  6(H2O.SO3)  =  2AsH3  +  6(ZnO.S03)  +  3H2O. 

The  hydrogen  flame  will  now  acquire  the  livid  hue  above  referred  to,  and  a  white 
smoke  of  arsenious  acid  will  rise  from  it.  If  a,  piece  of  glass  or  porcelain  be  de- 
pressed upon  the  flame  (Fig.  231),  it  will  acquire  a  metallic-looking  coating  of  ar- 
senic, just  as  carbon  would  be  deposited  from  an  ordinary  gas-flame.  Arsenietted 
hydrogen  is  easily  decomposed  by  heat,  so  that  if  the  glass  tube  through  which  it 
passes  be  heated  with  a  spirit-lamp  (Fig.  232),  a  dark  mirror  of  arsenic  will  be  de- 
posited a  little  in  front  of  the  heated  part,  and  the  flame  of  the  gas  will  lose  its  livid 
hue.  These  deposits  of  arsenic  are  extremely  thin,  so  that  a  very  minute  quantity 
of  arsenic  is  required  to  form  them,  thus  rendering  the  test  one  of  extraordinary 
delicacy.  It  must  be  remembered,  however,  that  both  sulphuric  acid  and  zinc  are 
liable  to  contain  arsenic,  so  that  erroneous  results  may  be  very  easily  arrived  at  by 
this  test  in  the  hands  of  any  but  those  specially  devoted  to  such  investigations. 
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rnjjon,  like  sulphuretted  hydrogen,  cau«f«   dark   j.r  •<•:[. '.into*   in 
y  metallic  solut: 


1'hosphuretted   hydrogen,  arsenietted   hydrogen,  ami    am- 

stitutr    :i    LJI-OII|,  of  h\,lroir«Mi    rom|>oumU  havm-    r.-rt:iin    j.i 

common,  whi.li  distinguish  tln-m  from  the  compounds  of  lixdn^rn  wit|, 

other  elements. 

Two  volumes  of  each  of  these  gases  contain  tin.-.-  volumes  of  hydrogen. 

Th.-y  aro  nil  | assessed  of  peculiar  od<>r-.  (hat  of  ainnioiiia  bring  the 
most  powrrful.  ami  that  of  ar^-nicttrd  hydro^m  thr  U-a-t. 

Ammonia  is  powerfully  alkalim  .  | -h »^\ -him -tti -<1  hydrogen  exhibits 
some  tendency  to  1'lav  :ui  alkaline  part .  whilst  ar>rnirt  trd  hydrogen  seeing 
devoid  of  alkaline  disposition. 

All  these  are  inflammable,  ammonia  being  the  least  so  of  the  group : 
and  all  are  d«om  posed  by  heat,  ammonia  least  easily,  and  ar>«  ni.ttid 
hydrogen  most  easily. 

Tli.-v  are  all  producible  from  their  corresponding  oxygen  compounds, 
1  >  .  I'  '  >„  and  As,0s1  by  the  action  of  na.si«  nt  h\di«»ur«  n  ('•  #.,  by 
contact  with  /inc  and  diluted  sulphuric  acid). 

All  three  are  the  prototypes  of  various  organic  bases  which  contain 
some  com  pound  radical  in  place  of  the  hydrogen,  thus — 


MI,  is  the  prototype  of  triethylamine, 
I'll      "  "  trirthylphosphinc, 


, 
AsH, 


triethylarsi: 


N(C,H5)i 
P(C  H 


176.  TerchlorttU  of  Ar*mic. — Only  one  compound  of  chlorine  with  arseni 
ha*  yet  been  obtained  ;  the  chloride  oorretpoadinf  to  p.-ntju-lilorido  of  phosphorus 

remains  to    be  discovered.1      The  ter- 
chlnride  may  bo  direct 

union  of  its  elements,  but  t 

.•••ry  process  for  procuring  it  C..M- 
sists  in   heating  arsenious  acid  in  <lrv 
chlorine  gas*,  in  :i  tuhulat-  i 
Fig.  283),  extempori/.- 
ence  fls»k  (seep.  186).     The  ar»i>ni<>u* 
acid  soon  melts,  and  the  terchloride  of 
arsenic  distils  ov  ^   a   melted 

mass  in  the  flask  :i  hril- 

-parent  glass  on  <••>-. lin^,  tln> 
.  "f  which   varn-.   -    infwhnt 
with    tin-    t.  I.    hut 

atipears  to  be  ess<>ntia 
Tho  same   vitreous  compound    t 
•  •I'lnitu-d  hy  fu-ini;  iirs-niou* and  arsenic 
r.     The  formation  of  th.  of  arsenic  may  be  represented  by 

n,  UAslO,  -f  Cl,,  =  4AtCls+  8(2As/),.A- 


•  -  a  great  general  resemblance  to  terchloride  of  phos- 

(sp.  gr.  'J  liijuid,  dfvniii|Mi.rd   hv  tin- 

r*>  of  the  air,  it«  va|M>ra  depositing  a  whit,  .otitin^  of  arseni  pon  th.- 

t  <l.-|M«iu  nrseni- 
f  8I1,O  =  Asj  •  :    in    tin-   ra 

pOMlbli-  qilMlltit  .  il,O. 

' 
iri  th.  r  be  addea,  ars.  i 

iil.-ri.-  itciii  i-  .li-tili.-.l, 
'ieof  arseii  n-1  thi-  i-  ••.ni«'tiiin--  • 


...  1,0. 


d  In  fonalof  ihf  prnt*  t  :,.  i....,  ,,f  »,v,|r.. 

of  rtber;  h§«cwrib«  It  w 


c»»il)  cooTcrtcd 
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separating  arsenic  from  articles  of  food,  &c.,  in  testing  for  that  poison.  When 
heated  in  dry  hydrochloric  acid  gas,  arsenious  acid  yields  a  glassy  compound,  which 
contains  As2O3.AsClO  ;  3As2O3  +  2HC1  =  2(As2O3.AsCIO)  +  H2O 

In  composition  by  volume,  the  terchloride  of  arsenic  resembles  terchloride  of 
phosphorus,  containing  £  vol.  of  arsenic  vapor,  and  3  vols.  of  chlorine  condensed 
into  2  vols.,  the  specific  gravity  of  its  vapor  being  6.3. 

Terbromide  of  Arsenic  much  resembles  the  terchloride  in  its  chemical  characters, 
but  is  a  solid  crystalline  substance,  easily  fusible. 

176.  Teriodideof  Arsenic  (AsT3)  is  remarkable  for  not  being  decomposed  by  water, 
like  the  corresponding  phosphorus  compound.      When  obtained  by  heating  arsenic 
and  iodine  together,  it  sublimes  in  brick-red  flakes,  which,  if  prepared  on  a  large 
scale,  hang  in  long  laminae  like  sea-weed.     It  may  be  dissolved   in    boiling  water, 
and  crystallizes  out  unchanged.     It  may  even   be  prepared  by  heating  3  parts  of 
arsenic  with  10  of  iodine  and  100  of  water,  when  the  solution  deposits  red  crystals 
of  the  hydrated  teriodide,  from  which  the  water  may  be  expelled  by  a  gentle  heat. 

The  Ter fluoride  of  Arsenic  (AsF3)  resembles  the  terchloride,  but  is  much  more 
volatile.  It  may  be  obtained  by  distilling  4  parts  of  arsenious  acid  with  5  of  fluor- 
spar and  10  of  strong  sulphuric  acid  in  a  leaden  retort  (see  p.  214).  It  does  not 
attack  glass  unless  water  be  present,  which  decomposes  it  into  arsenious  and  hydro- 
fluoric acids. 

177.  SULPHIDES  OF  ARSENIC.— There  are  three  well-known  sulphides 
of  arsenic,  having  the  composition  As2S2,  As2S3,  and  As.2S5,  the   two 
former  being  found  in  nature. 

Realgar  (As2S2)  is  a  beautiful  mineral,  crystallized  in  orange-red 
prisms  ;  but  the  red  orpiment  used  in  the  arts  is  generally  prepared  by 
heating  a  mixture  of  arsenious  acid  and  sulphur,  when  sulphurous  acid 
escapes,  and  an  orange-colored  mass  of  realgar  is  left — 

2As203     +     S7     =    2As.2S2     +     3S02. 

Another  process  for  preparing  it  consists  in  distilling  arsenical  pyrites 
with  sulphur  or  with  iron  pyrites — 

FeS2.FeAs2       +       2FeS2      =      4FeS       +       As2S2. 

Arsenical  pyrites.  Iron  pyrites.  Sulphide  of  Kealgar. 

iron. 

The  realgar  distils  over,  and  condenses  to  a  red  transparent  solid. 
Realgar  burns  in  air  with  a  blue  flame,  yielding  arsenious  acid  and  sul- 
phurous acid.  If  it  be  thrown  into  melted  saltpetre,  it  burns  with  a 
brilliant  white  flame,  being  converted  into  arseniate  and  sulphate  of 
potash.  This  brilliant  flame  renders  realgar  an  important  ingredient  in 
Indian  fire  and  similar  compositions  for  fireworks  and  signal  lights.  A 
mixture  of  one  part  of  red  orpiment  with  3.5  parts  of  sublimed  sulphur 
and  14  parts  of  nitre  is  used  for  signal-light  composition. 

Realgar  is  not  easily  attacked  by  acids  ;  nitric  acid,  however,  dissolves  it,  with  the 
aid  of  heat,  forming  arsenic  acid  and  sulphuric  acid,  with  separation  of  part  of  the 
sulphur  in  the  free  state.  Alkalies  (potash,  for  example)  partly  dissolve  it,  leaving 
a  brown  substance,  which  appears  to  be  a  subsulphide  of  arsenic  (A?,2S). 

Yellow  orpiment,  or  tersulphide  of  arsenic  (As2S,),  is  found  native  in 
yellow  prismatic  crystals.  The  paint  known  as  King's  yellow  is  a  mix- 
ture of  tersulphide  of  arsenic  and  arsenious  acid,  prepared  by  subliming 
a  mixture  of  sulphur  with  arsenious  acid — 

S9     +     2As2O3     =     2As2S3     +     3S02. 
It  is,  of  course,  very  poisonous. 
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•ubetuncn,  like  realgn  ich  affected  by  acids,  exceptimj  nitri 

lissolves  entirely  in  potash,  forming  arsenile  of 
.Milphide  of)  putMftton     1-JK  ll<>  +  2A«vS,=  SKjS.AfjS, 
I          tiia  also  dissolves  it  easily,  :  ^colorless  solution  w  bx 

i  int..  it  and  exposed  to  «ir.  the 
Hiiimoma  will  volatili/.--,  leaving  the  yellow  orp  nd. 

The!  How  tersulphido  i-  turn..  1  to  account  in  test- 

ing for  nr>erm-  ;  if  n  solution  prapMM  by  boiling  arsenious  acid  with  distilled  water 
be  mixed  with  M  solution  <»f  hydroMilphuric  acid,  a  bright  yellow  liquid  i*  pr 
which  look-  ..pa..  ut  iran-pur.  nt  l»y  ti  .  nht,  and  may  be 

passed   through   a    tilf.-r  without   l.-aving  any  solid*  matter  behind.     T 
probal>:  a  -olul.lr  r..nij...uiul  of  iMValphidf  of  arsenic  with  bjdfOMtphlirifl 

very  unstable,  being  decomposed  by  evaporation. 
with  precipitation  <>f  tin*  ter-ulphide.    The  addition  of  a  little  hy.l  (•••••!, 
of  sal  ammoniac,  and  many  other  neutral  salts,  will  also  cause  a  sepamti   n  <>f  th«- 
tersulphiile  from  tin-  .-<>luti  n  of  a  hard  water  will  have  that 

If  tin-  Milution  <»f  iirs<>nious  acid  be  acidified  with  hy<lro«-hluric  H<-i  i 
adding  the  hydrosulphuric-  H<  i<l,  th.   l.ri-hi  yellow  tersulphide  of  arsenic  is  precipi- 
•   once,  nii'1  may  (•••  dittingoiahad  from  any  other  similar  precipitate  by  its 
-oluhility  in  -••lution  <>f  c-arli»natv  of  Hmmonta. 

ombininx  r.  adily  with  the  alkaline  sulphides  to  form  soluble  com- 
pounds, the  t«*r#ul|»hide  of  arsenic  is  often  called  suljtharstnious  acid 

A?^),  or  sulpkarsenic  of  id,  possesses  far  less  pr:. 

importune  ••  than  t  :.<;  Mil  ph  ides  ;  it  may  be  obtained  by  fusing  the  tersul- 

ilphur,  when  it  f»nn>  an  ornnge*colored  glass,  ensilv  !'u-il'!i-,  and  capa- 

:>--ini;  -ubliin.'*!  without  i-ljaniji'.      Wh<-n  liydroj-ulplr  -   passed 

through  solution  of  arsenic  acid,  a  white  precipitate  of  sulphur  is  first  obtained.  th<> 

arsenic  acid  to  arsenious  acid;  A*,O5  -j-  'JUjS  =  A 
2Ut()  -»-  S,  ;  and  if  the  passage  of  the  gas  be  continued,  the  arsenious  n< 
pMed,  and  tersulphide  of  arsenic  is  precipitated  ;  these  changes  :,r.  nuu  h  a«  derated 
Hut  if  a  solution  of  arson  iate  of  soda  be  saturated  with  hydrosulphuric 
acid,  it  is  converted  into  sulpharseniate  of  (sulphide  of)  sodium— 


MtO.HaO.AsO5     +    7H,S    =    8H,O 

On  adding  hydrochloric  acid  to  this  solution,  a  bright-yellow  precipitate  of  p<>ntn- 
sulphide  of  arsenic  is  obtained  — 

2Na^S.As^,    +    4HC1     =    4NaCl     +    2H,8     +    As,8$. 

Pentasulphide  of  arsenic  is  one  of  the  most  powerful  of  the  sulphur  acida  ;  it  .  \- 
1  from  its  combinations  with  the  alkttline  sulphides  and  is 

capable  i  'f  formini;,  with  the^e,  sulpho-sah-s  containing  respectiv  ,vo,  and 

three  molecules  of  the  alkaline  sulphid<>,  whiih  may  be  obtained  by  the  action  <>i 
bydrusulphuric  acid  upon  the  corresponding  arseniates. 


OBNBBAL  i;i:\  n:\v  or  TIM    \<»\  MI:T  A  i.i.ic  BLEMENT8, 

178.   At  the  conclusion  of  the  history  of  tl»t«  n-.n  MH  t:iN,  it    may  !>•• 
w.-ll  t..  .-all  attriitinii  t«.  tlu-   points  of  rescnil.Iancr  whirh   classify  them 
into  separate  groups  or  famili.--.  nn.-t  nf  which  arc  r<nmr<-tr.l,  l.y  some 
jiet,  with  <>tjc  or  more  uicml»crN  of  the  class  of  rnctals. 

-.taii'U  alone  among  the  non-tnrtaU,  it-  chemical  |»r«»j  . 
aii'l  functions  l.rin^  \\i«lrly  'lillrinit    from  those  of  any  other  non-metal. 

•  ;i  thr  mo-t   I,  rtropotitii 

•.ils,  Mirii  as  potassium  .m. 

:id     '/'.•//»//  ft    i;n>ti|i,   tlie 

memU-rs  of  whirh  (in  t1  <.inl>iiic  \\ith  twice  their  \..|- 

"iii|M,iin<u  \\hich  (in  •  of  vapor) 

••  same  volume  as  the  1 1;.  rrnj.ir.l    l.rl'ore  coml-inali'-n. 

All  these  hydrogen  compounds  arecapaMc  of  pla\  inu  :i  t'ccMy  acid  part. 
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and  their  hydrogen  may  be  displaced  by  an  equivalent  weight  of  a 
metal  to  produce  compounds  exhibiting  a  general  agreement  in  chem- 
ical properties.  This  group  is  connected  with  the  metals  through  tellu- 
rium, not  only  by  its  physical  properties,  but  by  its  forming  an  oxide 
(TeO2),  which  occasionally  acts  as  a  weak  base. 

Nitrogen,  Phosphorus,  and  Arsenic  are  connected  together  by  the 
general  analogy  of  their  hydrogen  and  oxygen  compounds,  the  two  last 
members  of  the  group  being  far  more  closely  connected  with  each  other 
than  with  nitrogen.  With  the  metals,  they  are  connected  through 
arsenic,  the  hydrogen  compound  of  which  is  very  similar  in  properties, 
and  probabty  in  composition,  to  antimonietted  hydrogen;  arsenious 
acid  (ASgO.)  is  also  capable  of  occupying  the  place  of  teroxide  of  anti- 
mony (Sb203)  in  certain  salts  of  that  oxide  ;  and  the  sulphides  of  anti- 
mony correspond  in  composition,  and  in  some  of  their  properties,  to 
those  of  arsenic.  One  form  of  arsenious  acid  (the  prismatic)  is  isomor- 
phous  with  native  oxide  of  antimony,  and  this  oxide  may  be  obtained 
in  octahedra,  the  ordinary  form  of  arsenious  acid,  so  that  these  oxides 
are  isodimorphoas. 

These  elements  are  also  connected  with  the  oxygen  group  through 
sulphur,  selenium,  and  tellurium,  the  relations  of  which  to  hydrogen 
and  the  metals  are  somewhat  similar  to  those  of  phosphorus  and 
arsenic. 

Carbon,  Boron,  and  Silicon  resemble  each  other  in  their  allotropic 
forms,  their  resistance  to  fusion  and  volatilization,  and  their  forming 
feeble  acids  with  oxygen.  To  the  metals  they  are  allied  through  sili- 
con, which  resembles  tin  in  the  composition  and  character  of  its  oxide 
and  chloride. 

This  group  is  connected  with  the  nitrogen  group  through  boron,  for 
boracic  acid  resembles  arsenious  acid  in  its  relations  to  bases,  and  in 
forming  vitreous  compounds  with  the  alkalies.  In  certain  compounds 
boracic  and  arsenious  acids  are  interchangeable. 

Chlorine,  Bromine,  Iodine,  and  Fluorine  are  intimately  connected  by 
numerous  analogies,  which  have  been  already  pointed  out  (p.  219). 
Some  of  the  properties  of  iodine,  as  its  relations  to  oxygen,  and  the 
solubility  of  its  terchloride  in  water,  connect  it  slightly  with  the  metals, 
whilst  the  general  correspondence  in  composition  between  the  chlorides 
and  the  oxides,  allies  this  group  to  the  oxygen  group  of  non-metallic 
elements. 

If  the  non-metals  be  classified  according  to  their  quantivalence  (see 
p.  191),  it  will  be  found  that,  with  only  few  exceptions,  the  classifica- 
tion will  coincide  with  that  founded  upon  their  chemical  analogies  in 
other  respects.  Thus,  the  members  of  the  oxygen  group  are  all  dia- 
tomic, or  capable  of  combining  with  two  atoms  of  hydrogen,  as  shown 
\)y  the  formulae  of  their  hydrogen  compounds,  H.,0,  H2S,  H2Se,  H2Te. 
The  nitrogen  group  is  generally  represented  as  triatomic  (though,  from 
our  present  knowledge  of  the  vapor  densities  of  phosphorus  and  arsenic, 
these  elements  are  strictly  hexatornic),  their  hydrogen  compounds  being 
NH,,  PH3,  and  AsH3.  Boron  is  also  a  triatomic  element,  for,  in  BC13, 
the  boron  occupies  the  place  of  three  atoms  of  hydrogen. 

Carbon,  and  silicon,  however,  are  tetratomic  elements,  as  shown  in 
marsh-gas,  CH4,  and  in  chloride  of  silicon,  SiCl4. 

Chlorine,  bromine,  iodine,  and  fluorine  are  monatomic,  their  hydrogen 
compounds  having  the  formulae,  HC1,  HBr,  HI,  and  HF. 

The  atomicity  or  quantivalence  of  an  element  is  sometimes  expressed 
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in  a  formula  by  a  dash,  or  dashes.  pla  _M  of  id.- 

ill.'     s\  Illbols.     C|'.    <   >     .      \        .     I  .  ;          ,'          • 

atomicities  of  those  elements.      When   the  atomicitx  of  an   element    is 
int.  it   helps   '  ii   tin*   constitution  «.f  .-.  .mi »  .M ,.,  U 

which  woukl  otherwise  appear  quite  aooouUova.     i   x  .    aviple,tl 

a  compound  of  the  molecular  formula,  N  .11,1',  obtain*-)!  by  the  action  of 
terehloi  -id«-   of  phosphorus  upon  ammonia;    recollecting  the  niatomic 

•  i\e  tliis  compound  to  represent  three 

molecules  of  ammonia  (N-,11.,).  in  which  phosphorus  is  tin  iti  for 

I  of   hydrogen,  which  is  at  -  :  ,--sed  if  the   formula  be 

,.   \    M   I'    .      Airain.ciiloroearbonicarid.ro'  j,,,.X- 

plicable  association  of  elements,  until  the  tftratomu-  chai 

ami    diatomic   character   of  oxv^en    arc   taken    into   account,  as   in    the 

formula.  ( n"cr..  when  it  appear-  that  the  diatomic  oxygen    and    the 

two  atom-  of  mouatomic  diloriiie  are  the  sul.-tit  uto    for   f,,nr   aioin-  of 
jen    in    marsh-gas,   ('II,.   and    it    might  plausibly  be  given   as  a 
reason  why  the   apparently  inditleiciit    carlx>nic  oxide  should    combine 
with  chlorine,  that  the  atomicity  of  the  carbon  is  only  partly  -aii>tied 
in  carbonic  oxide,  which  contains  only  oxygen  equal  in  value  to  two 
I  of   hydrogen,  the   tctratomic   carbon    requiring  the  value  of  two 
more  atoms  of  hydrogen  to  complete  the  compound  atom.      In  carbonic- 
acid.  C""O",,  the  two  atoms  of  diatomic  oxygen  fully  complete  the  com- 
pound. 

In  a  similar  manner  the  absorption  of  carbonic  oxid.  by  snhchloride 
of  copper  may  be  explained  ;  for  the  atomic  formula  of  that  salt  is  Cit'(  I', 
and  hence  it  i-  capable  of  supplying  the  two  absent  atoms  in  C" "«  ' 

Many  more  example-  of  the  -ame  kind  might  be  gathered  from  the 
preceding  pages,  but  thoc  will  probably  be  suflidciit  to  mark  the  im- 
portance of  remembering  the  atomicities  of  the  dements  in  -pcculative 
chemi-tr\  ;  indeed,  without  thi>  clue  it  i-  impossible  to  find  any  meaning 
whatever  in  a  \«-ry  large  number  of  the  formula-  of  organic  substance-. 
whilst  with  it.  not  only  their  constitution,  but  in  many  cases  their  mode 
of  formation,  become-  as  intelligible  as  that  of  the  simplest  mineral  com- 
pounds. 

CONSTITUTION  OF  SALTS. 

The  term  »///.  like  acid  and  nliuli^  was,  of  cour-e.  purely  em- 
pirical in  .  bein;,'  conferred  upon  every  -olid  -iib-tan.  ,-  which 
exhibited  any  of  the  prominent  characters  of  sea-salt  (sal.  /•/ 

-/I.  -ncii  HS  solubility  in  water  and  tendency  to  crystalli/.at  ion. 
When  the  great  mass  of  chemical  facts  accumulated  by  the  alchemists, 
metallurgists,  and  a;  •  -,  came  to  be  classified,  and  the  di-ti; 

:ds  and  bases  was  recogni/ed.  the  term  salt  was  extended  to 
all  those  substances,  such  as  «<<  of  pota- 

of  lime.  ii  \\  Inch  |  i  an  acid    could    be   ol,1 

•ard  to  their  solubility  or  tcndciiex    to  er\  -talli/c.     When  the 
n  of  the  chemist  \\  .loped,  it  was  found 

i  a  large  class  of  similar  salts  did  not  com 
i .a-e,  but  that  these  substances  were  /  and  n<>t 

-us  to  which  t 
Thus  muriate  of  soda,  from  w  hieh  mm 

•  '.as  sh,,\\  n  to  contain  only  -odium 
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This  led  to  a  classification  of  salts  into  haloid  salts  (a'Ac,  the  .sea),  or 
those  composed,  like  chloride  of  sodium,  of  a  metal  combined  with  a 
salt  radical  or  halogen,  and  oxy-acid  salts,  or  those  composed  of  a  me- 
tallic oxide  combined  with  an  oxygen  acid.  (It  will  have  been  remarked 
that  the  tendency  of  modern  chemistry  is  to  represent  this  second  class 
of  salts  by  formulae  which  do  not  admit  the  existence  of  the  metal  as  an 
o*ide  in  the  salt.) 

Independently  of  all  differences  of  opinion  with  respect  to  the  actual 
constitution  of  salts,  the  criterion  by  which  the  claims  of  a  substance  to 
this  title  can  be  estimated  is  this :  a  salt  is  a  compound  which  may  be 
formed  by  the  action  of  an  acid  upon  a  base,  water,  which  is  a  very  gen- 
eral result  of  such  action,  being  excepted. 

The  oxy-acid  salts  soon  came  to  be  divided  into  neutral  and  acid  salts, 
according  to  their  effect  upon  vegetable  colors  and  the  organ  of  taste, 
and  a  class  of  basic  salts  was  afterwards  added,  when  it  was  found  that 
a  neutral  soluble  salt  sometimes  became  insoluble  by  combining  with  an 
additional  quantity  of  base. 

Further  investigation  has  shown  that  the  neutral  taste  of  a  salt,  and 
its  neutrality  to  test-papers,  depend  less  upon  the  proportions  of  the  acid 
and  base  which  are  contained  in  it  than  upon  the  chemical  energy  of 
these  substances. 

Thus,  potash  combined  with  one  molecule  of  sulphuric  acid  forms  a 
salt  which  is  perfectly  neutral  to  taste  and  to  litmus-papers,  whilst  with 
one  molecule  of  carbonic  acid  it  forms  a  strongly  alkaline  salt;  and  one 
molecule  of  sulphuric  acid  combined  with  one  molecule  of  oxide  of  zinc 
forms  a  salt  which  is  strongly  acid  to  test-papers. 

A  salt  may,  therefore,  be  neutral  in  chemical  constitution,  and  acid  or 
alkaline  in  reaction  to  test-papers,  and  it  has  been  proposed  to  employ 
the  term  normal  to  designate  those  salts  which  are  neutral  in  chemical 
constitution,  and  to  restrict  the  term  neutral  to  those  salts  which  are 
neither  acid  nor  alkaline  to  test-papers.  Thus,  sulphate  of  potash  would 
be  both  a  neutral  and  a  normal  salt,  whilst  sulphate  of  zinc  and  carbonate 
of  potash  are  normal,  but  not  neutral  salts. 

A  normal  salt  is  one  in  which  the  ox}7gen  contained  in  the  base  bears 
a  certain  proportion  to  the  oxygen  contained  in  the  acid,  this  proportion 
being  fixed  for  each  acid. 

Thus,  a  normal  carbonate  is  one  in  which  the  oxygen  of  the  base  bears 
to  the  oxygen  of  the  acid  the  ratio  of  1  :  2,  as  in  normal  carbonate  of 
potash,  K4O.COr 

A  normal  sulphate  is  one  in  which  the  oxygen  of  the  base  bears  to 
the  oxvgen  of  the  acid  the  ratio  of  1:3,  as  in  normal  sulphate  of  zinc 
ZiiO.S'O,. 

To  form  a  normal  salt  with  a  sesquioxide,  3  molecules  of  sulphuric 
acid  are  required.  Thus  the  sulphate  of  alumina,  A1203.3SO3,  although 
powerfully  acid  to  test  papers,  is  a  normal  sulphate,  for  the  oxygen  of 
the  base  bears  to  the  oxygen  of  the  acid  the  ratio  of  1  :  3. 

An  acid  salt  is  one  in  which  the  oxygen  in  the  acid  is  in  greater 
proportion  than  in  the  normal  ratio.  Thus  bicarbonate  of  potash, 
K.2O.H.2O.2CO2,  is  acid  in  chemical  constitution,  though  alkaline  to  test- 
papers,  for  the  oxygen  of  the  base  is  to  the  oxygen  of  the  acid  as  1  :  4, 
whilst  the  normal  ratio  for  carbonates  is  1  :  2.  Acid  salts  usually  have 
the  deficiency  of  base  supplied  by  water,  but  not  invariably,  as  in  fused 
borax,  Na,O  2B03,  bichromate  of  potash,  K,O.2Cr03,  dried  bisulphate  of 
soda,  Na20.2SOa. 
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A   ba*K'  .«i!>    i>  on.-  in  \\hirh  the   oxv^.-n  in  tin-  1  •:!-«•  is  in  ^renter  pro- 
•ii  than  in  tin-  normal  ratio.  'I  Pl.n.rn    .pi.n.n  n. 

is  a  basic  carb<  tin- «.xvi.r«-n  "f  the  l.asr  is  to  tin-  oxy^rn  «.f  the 

acid  as  3  :  4,  whereas  tin-  n<>iin:tl  ratio  !•.  L'  :  i  or  1 

Aliiiiiinite,  AlsOrSOr9lI,O,  is  a  basic  salt.  Tor  the  oxygen  in  the  base 
is  to  the  oxygen  in  the  acid  a-  :;  :  :;.  whilst  the  normal  i 

In  order  to  explain  the  results  obtained  liy  tin-  actual  anah  six  ,,f  sails, 
.  be  supposed  that  the  salts  are  formed  ii)><>n  tin-  type  of  the  hy- 
I.  ami    that    a    normal    salt    is   <,m-    in  which   the  water   in    the 
ieM  i-  displaced  liy  an  equivalent  .jnantitN   of  has,-;    tlnis  the 
sulphates   are    formed  upon  the  type   of  oil  of  vitriol.  II  <  >.S<  >  .  an«l  the 
II  <>  must   !.«•  displac.-d  l.y   K  O  to  forin  the  normal    sulphate  of  ] 
Itut  when  alumina  (Al.Oa)  is  employed  to  «li-plaei-  the  \\atn-.  <>ne-t)iinl 
.,lit\    i-rpreM-nteil  1>\    that  formula  would  l>e   ecjuivah-nt  to  the 
\1    is  e.juivah-nt  to  11.  ).  and  therefore  the  normal   Milj.l 
alumina  ITOakl  l»e  ^  (Al  <  '      3O- Of  avoiding  the  fiaetion.  Al  n  .:;8O,. 

The  following  are  the  normal  ratios  for  some  of  the  most   important 
classes  of  salts : 


SftlU. 

N.  ..•„,.,!  I:,M., 

i:\.nM|.:.  - 

Carbonate*,  .... 

. 
.     . 
Nitrntn*,        .... 
Chl«>rnt«'s  
Sulphite  

2 
8? 
1 

6 
6 
2 

NH,OCO. 

•  SiO, 
K,0  N.O. 
K  M.CLO. 

\n  0  ><»   ' 

Carbooatc  of  soda. 
Morale  of  magnesia. 
Forge  cinder. 
Saltpetre. 
Chlorate  of  poUuh. 
Sulfihite  of  »oda 

Sulphate, 

8 

(.,('(  SM     " 

Sulphate  of  lin.-- 

Motaphosphat.  - 
pbo»phaie«t   . 
Orthophusphatw,  .     . 
Anenite*,    . 

6 
6 
6 
8? 

NVO    1><>,, 
•JN:,0    PC 

SCaO.PA 

Metaphosphate  of  f>oda. 
•  la. 
Bone  phosphate  <>f  lim. 
Arsenito  of  t\\\ 

Arnoniatr- 
ChromaU*,  .... 

!'•  •riiniii-'iiiitit'  - 

6 
8 

7 

\*,65 

K  «».(>oa 

K  <  i  MM  «  > 

Cobalt  bloom. 

f   j.<itn«li. 

jxtvr.  i  n  UjVff 

//on  of  Sa It*.— The   circiim-tance  t  hat 

•nly  the    hydrom-n    of  the    hydrated   acid  that   is    displaced    l.y  the 
metal,  has  given  rise  to  the  tmnir;/  ///.«</••/  of  .salts,  according  to  which 
.ds  nnd  salts  are  ooostitoted  alter  UM  t\i-e  of  hylmehloi ; 

.iloride  of  sodium  ;  the  acid  being  <-ompo>rd  of  hydros,.,,  r..ni- 
l.ine«l  with  a  made  up  of  the  other  elements 

present    in    the    acid.      Thus,   sulphuric    acid    (II  <>..-(»       u.,.',i    ! 

.    II, NO    .    in.  i.-iphosphoric    a.id,    II.P<  >   ;    p\  rophos- 

I  l.y  the  siil,stituti..n  of  an  «-.|iii\  alent  quantity  of  a  metal  for  the 
li\droi;en;  neutral  iolphmte  of  pOtftMiam  WOtlld  In-  K  .v-<>  p\i"phos- 

of  sodium,  .\a,.P;():;  triphosphate  of  cal<-ium.  <  The 

u.,iild  lie  th.-sr  in  which  only  part  of  the  I  is  dU- 

plaCed  li\  ill)  would  I.ecome  K.I 

acid    i  -odium,    Na.ll.pn.      I>..ul>lc    sails    would   he 

thOM    ill    which    the   h\dro.j»-n    is    di-pl.n.d    l-\    ditlerent    metals;   thus, 
alum      K  "  n      -«,       u,,uld    la-come    K  .  \    .)-«',.    or    KA 
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acid  phosphate  of  potassium  and  sodium  (K20,Na2O,H20,P205)  would 
be  K,Xa,H,P04.  A  serious  objection  to  this  view  is,  that  it  overlooks 
radicals  now  existing  (as  S03,P205,C02),  and  substitutes  others  which 
are  not  known  to  exist  (as  S04,PO4,C03). 

Many  chemists  now  represent  the  acids  and  salts  by  these  formulae, 
without  insisting  upon  their  containing  any  definite  compound  radical, 
or  being  composed  upon  any  particular  type.  Thus  nitric  acid  is  written 
HN03,  without  expressing  an  opinion  as  to  the  existence  of  N03,  as  an 
actual  entity. 

The  following  definitions  are  relied  upon  by  those  who  adopt  this 
course  : 

An  acid  is  a  compound  containing  hydrogen,  the  whole  or  part  of 
which  is  displaceable  by  a  metal. 

A  salt  is  a  compound  derived  from  an  acid  by  the  displacement  of  its 
hydrogen  by  a  metal. 

A  monobasic  acid  contains  but  one  atom  of  displaceable  hydrogen, 
and  therefore  can  only  form  one  series  of  salts. 

A  dibasic  acid  contains  two  atoms  of  displaceable  hydrogen,  and 
therefore  can  form  two  series  of  salts  (normal  and  acids  salts). 

A  tribasic  acid  contains  three  atoms  of  displaceable  hydrogen,  and 
therefore  can  form  three  series  of  salts  (normal  salts,  and  two  series  of 
acid  salts). 

A  normal  salt  is  one  in  which  the  whole  of  the  displaceable  hydrogen 
has  been  displaced  by  a  metal. 

An  acid  salt  is  one  in  which  only  part  of  the  displaceable  hydrogen 
has  been  displaced  by  a  metal. 

A  double  salt  is  one  in  which  the  displaceable  hydrogen  has  been  dis- 
placed by  different  metals. 

A  basic  salt  is  a  combination  of  a  salt  with  a  basic  oxide. 

A  few  examples  may  be  collected  here  to  illustrate  these  definitions: 


Monobasic  Acids  and  Salts. 

Nitric  acid, HNO3 

Nitrate  of  potassium, KN03 

Metaphosphoric  acid, HPO, 

Metaphosphate  of  sodium, NaPO3 

Hypophosphorous  acid, HPH202 

Hypophosphite  of  sodium, NaPH  0 


Dibasic  Acids  and  Salts. 

Sulphuric  acid, H2SO4 

Normal  sulphate  of  potassium,    ....  K2S04 

Acid  "  "  ....  KHS04 

Phosphorous  acid, H2PHO, 

Normal  phosphite  of  sodium,       ....  Na.^HO., 

Acid  phosphite  of  barium,  .         .         .         .         .  BaH2(PH03)2 
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Orthophosphoric  acid.  .  .         .         .      II  l'< » 

:n:il  orihophosphate  of  sudiiim.        .            .  \  :,    I 

Monacid  oi  thoph.ispliate    or  common  phosphat.  i  I  l'Ot 

iMacid  orthopho.phat.- \   Mi 

ooownk  sai, v,  \n    lire, 

Arsenic  add .  H.AsO, 

:  m:il  alternate  of  sodium, 

;d  arseniate,  .         .         .  \a  II  A-<  > 

IMacid  arseniate  ••  .  Nail  .\-<>t 

To  this  view  of  the  constitution  of  acids  and  salts,  it  may  1 
that  it  pie-i.pposes  the  existence  of  a  hydrogen  oooipovod  • 

ing  in  composition  to  the  normal  salt.  Thus  the  carbonates  would  be 
1  from  an  imaginary  carbonic  acid  of  the  formula  11  CO3;  the 
.- from  an  imaginary  arsenious  a<i< I.  H  AtO^Ae.  Indeed. 

mineral  acids    which    arc  of  practical   importance,  there 
hich  must  be  thus  tr»-:i'«-<l  in  on Icr  to  accommodate  thi-  tlu-ory, 
viz.,  carbonic  (CO.),  nitrons  (NfO    .  -  :l|)hnrons  (SO.),  ar-- 
cliiomic    (  C|O().  hypochloroi;-      <      0   .    :in<l    « -hlor,  .us   (C1,O,).      It 
Uiiowl.  <l^cd  that  no  theory  of  the  constitution  of 
and  salt-  !  u  a<hancc<l  which  is  thoroughly  supported  on  all 

.sitlcs  b\  c\|>rriuuMital  evitlcm-c. 

i   what   has  been  stated  above,  it  will  have  been  seen  that  an 

examination    of  the   acid    itself  is    by  no  means   necessary  in    order    to 

mi  what  its/--  .     If  only  one  series  of  its  hails  can  l.e  di- 

•1.  it    is   a    monolo  .      If  a  normal  and  an  acid   -alt 

double  .salt)  can  be  obtained,  the  a.  id   is  dibasic.      When,  be-idc  the 
normal  salt,  there  are  two  series  of  acid  salts,  the  acid  is  tribasic. 

MV//O--/V/"'   TlH-onj  <>t  ,nn  of  Salt*. —  Another  ingenious 

theory  nMitution  of  salt>  is  that  known  as  tin  leery, 

accord  ich  all  oxygen  acids  are  fashioned  after  the  t  \ ; 

Dfienl  of  it-  hydrogen  by  :i  o  mi  pound  radical,  such  di-|ilaee- 
ineiit  I  ,hydrousacids,antl  partial  in  the  h\d rated  aei.N. 

Then,  a  monobasic  acid  is  formed  upon  the  t\  pe  of  one  molecule  of 
b\  the  di- placement  of  one  atom  of  hsdro-en  to  form  the  (hydi 
and  of  both  atoms  to  form  the  (anh\  diou-  acid  or)  anh\  dride.    Thus  nitric 

acid   (UNO)  would   be  written    ^Q    |  0,  and  \  " 

\  ( }    ) 
would  gjji  f.O;   and    nitrate   of   potassium    .  KNO,)    would 

K        > 
be    Nn       ' '  ;  n  glance  at  these  formula*  shows  why  a  monobatl 

like  ill  I  does  not  form   either  acid  -^alts   or  double  sal1 

B  atom   of  hydrogen,  and   therefore   can  only  form  a 
Single  salt   with    eaeh    metal    b\   displacement    of   that    lixdmu'en.      This 

view  does  not  Ignore  f  i.  and 

assumes,  as   th.  \'>.  whieli  has  th,- 

Composition    of   nitnc    peroxide.      Th.  fid  by  the 

upon  nitric  anh\dride  would  be  thus  express, 

go      ?8o      fco      pi  a 
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In  a  similar  manner,  phosphoric  anhydride  (P,O.)  would  be  represented 
by  pQ-'|  O,  metaphosphoric  acid  (HPO3)  by  pQ  }-  O,  and  the  meta- 

phosphate  of  sodium  by    pj\     -  0.     In  this  case,  however,  the  radical 

P0._,  is,  so  far  as  we  know,  imaginary. 

A  dibasic  acid  is  one  which  is  composed  after  the  t}*pe  of  a  double 

TT     "v 

molecule  of  water,  jr2  >  O.,,  and   therefore    contains   two    atoms  of  hy- 

2  ' 
drogen,  which   may  be  displaced  either  entirely  by  a  metal,  yielding  a 

normal  salt,  or  partly  by  a  metal,  yielding  an  acid  salt,  or  by  two  metals, 
yielding  a  double  salt.  For  example,  sulphuric  acid  (H.,O.S03)  would  be 

TT  -\ 

Q  A  „  '-  0.,,  or  two  molecules  of  water,  in  which  two  atoms  of  hydrogen 
are  displaced  by  the  diatomic  radical  SO.,  ;  normal  sulphate  of  potassium 
SO  "  '  ^21  ac*d  sulphate  of  potassium  (bisulphate  of  potash)  OQ  „  O, 

SO  "  ) 
and  sulphuric  anhydride,  o/V2//     -    02. 

Here  again  the  radical  SO.,  has  the  same  composition  as  sulphurous 
acid,  which  might  well  be  accepted  as  the  radical  of  sulphuric  acid. 

Again,  carbonic  anhydride  would  be^Q,,  *-  0,,  the  imaginary  carbonic 

TT      )  TC       ") 

acid  |.A//  c  0.2,  carbonate  of  potassium,  p/y/  -  O,,  acid  carbonate  of  po- 

tassium, QQ//    -  0,,  carbonate  of  potassium  and  sodium.  QQ//  r  02- 

The  radical  of  carbonic  acid,  therefore  (CO),  would  have  the  same 
composition  as  carbonic  oxide,  which  is  seen  to  have  a  diatomic  char- 
acter in  its  compound  with  chlorine,  (CO/'Cl.,,  where  it  occupies  the 
place  of  two  atoms  of  hydrogen. 

lu  applying  this  view  to  pyrophosphoric  acid  (2H,O.P20.  =  H4P207), 
some  difficulty  arises  because  its  formula  cannot  be  written  on  the  type 
of  two  molecules  of  water  (H.,().,)  on  account  of  the  indivisibility  of  the 
O.  into  two  whole  numbers;  it  is  therefore  necessary  to  take  four  mole- 
cules of  water  as  the  type,  when  we  have  — 


Type,  jjl    -  O4,  pyrophosphoric  acid,  ,T}  Q  y,,,  -   O4,  pyrophosphate  of 

sodium.    /P4n  yr,f  '--  04,  acid  pyrophosphate  of  sodium,  /T?VA  ?////    [•  O4. 
v1  r^t)        )  (  *  i^s/          ) 

Here  the  increased  complexity  of  the  formuke  appears  objectionable. 

A  few  salts  are  known  in  which  two  acids  are  combined  with  the  same  b;i*o.  such 
as  the  acetonitrate  of  baryta,  composed  of  nitrate  and  acetate  of  baryta.  It  is  ob- 
vious that  the  same  reasoning  which  loads  to  the  conclusion  that  an  acid  capable  of 
forming  a  double  salt  with  two  different  bases  is  dibasic,  or  contains  a  diatomic  acid 
radical,  would  also  support  the  inference  that  a  base  capable  of  forming  a  double 
salt  with  two  different  acids  is  di-acid,  or  contains  a  diatomic  basic  radical.  Hence 
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theexUt-  ric.-..  ftl..  •  nl  fbaryUo  -hut  barium 

if  a  diatomic  mutal.     The  formula  of  the  «nlt  would  then  bo  written,  on  the  typo  of 


two  molecules  of  water,  thiu—  (C.H.O)'  VUr 

(N<». 

formed  upon  the  type  of  a  treble  molecule  of  water, 

ihus  — 

T\|...  j|       O^trlbMte  phosphoric  ji.i'l.  1>o///  [•   O,,  tri  phosphate  of 
MMliuin.   pfftti   '  <>,,  common  phosphate  of  sodium,  pQ*,,,  I   O,,   micro- 

cosmic  salt  (phosphate  of  sodium  and  ammonium  )        ,,(  (  >  Or 

i>e  also  an  unknown  radical,  I>().  is  a>Miin«-«l. 

1  1  ) 

if  P\  ro|.li(,«,phoric  acid  berepresonti-.l  l.y  (  |.'oy///p()  y  ^  O4  its  inter- 

mediate position  between  inotaphosphoric  acid  j,Q  ,  v    O,    ami 

1  1          ) 
phosphoric  acid  tA///  f  0s,  is  at  once  apparent. 


CHEMISTRY  OF  THE  METALS. 


180.  THE  general  principles  of  chemistry  having  been  explained  and 
illustrated  in  the  history  of  the  non-metallic  elements,  the  chemistry  of 
the  metals  will  be  discussed  with  less  attention  to  details,  which,  how- 
ever interesting  in  a  strictly  chemical  sense,  are  not,  at  present,  of 
immediate  practical  importance. 

The  definition  of  a  metal  has  been  already  given  at  p.  60,  as  an  ele- 
ment capable  of  forming  a  base  by  union  with  oxygen. 


POTASSIUM. 

K'  =  39  parts  by  weight. 

The  indispensable  alkali,  potash,  appears  to  have  been  originally  de- 
rived from  the  granitic  rocks,  where  it  exists  in  combination  with  silicic 
acid  and  alumina,  in  the  well-known  minerals,  feldspar  and  mica.  These 
rocks  having,  in  course  of  time,  disintegrated  to  form  soils  for  the  sup- 
port of  plants,  the  potash  has  been  converted  into  a  soluble  state,  and 
has  passed  into  the  plants  as  a  necessary  portion  of  their  food. 

In  the  plant,  the  potash  is  found  to  have  entered  into  various  forms 
of  combination  ;  thus,  most  plants  contain  sulphate  of  potash  and  chlo- 
ride of  potassium  ;  but  the  greater  portion  of  the  potash  exists  in  com- 
bination with  certain  vegetable  acids  formed  in  the  plant,  and  when  the 
latter  is  burnt,  the  salts  of  potash  with  the  vegetable  acids  are  decom- 
posed by  the  heat,  leaving  the  potash  in  combination  with  carbonic  acid, 
forming  carbonate  of  potash  (K,,O.C0.2). 

Carbonate  of  Potash. — When  the  ashes  of  plants  are  treated  with 
water,  the  salts  of  potash  are  dissolved,  those  of  lime  and  magnesia 
being  left.  On  separating  the  aqueous  solution  and  evaporating  it  to  a 
certain  point,  a  great  deal  of  the  sulphate  of  potash,  being  much  less 
soluble,  is  deposited,  and  the  carbonate  of  potash  remains  in  the  solu- 
tion ;  this  is  evaporated  to  dryness,  when  the  carbonate  of  potash  is 
left,  mixed  with  much  chloride  of  potassium,  and  some  sulphate  of 
potash  ;  this  mixture  constitutes  the  substances  imported  from  America 
and  other  countries  where  wood  is  abundant,  under  the  name  of  potashes^ 
which  are  much  in  demand  for  the  manufacture  of  soap  and  glass. 
When  further  purified,  these  are  sold  under  the  name  of  pearlash,  but 
this  is  still  far  from  being  pure  carbonate  of  potash. 

During  the  fermentation  of  the  grape-juice,  in  the  preparation  of  wine, 
a  hard  crystalline  substance  is  deposited,  which  is  known  in  commerce 
by  the  name  of  argol,  or  when  purified,  as  cream  of  tartar.  The  chemi- 
cal name  of  this  salt  is  bitartrate  of  potash,  for  it  is  derived  from  potash 
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When  tin-  '  i  !  •  ' 

-U  whieh  :uv  found 
whieh  ivm  i  D  with  th.  >D,  whieh 
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•cess  of  air  permit'  u-l>on  will  he  entirely  luirnt  away.  and 

ate    .-f    potash    \\111    In-    lei 

hi  \\  in.-  j  ash  is  prepared  from  the 

-t  whieh   ri-es   diuiim   tin-   fermentation,  and    i-   dried   in  the 

•ntly  inein. -rated. 

I-  contain  a  eon-ideraMe  proport  imi  < 

Lined    uith  an  animal   aci«l  ;    \\lu-ntlu-   Hei-»-.-  is  \\  a-.li.-il    \\itli    \\att-r.tlie 
salt  of  jM.t.-i^li  ||  i  nut.  aii'l  00  ini:  tin-  lii|iii'l  ami  l.iiin- 

..im-.  it  i-  rbonate  ««r  p"ta-ii. 

!  n.n  ().  or   Kiln        .  of  i-.ta^h  was 

!'••!  iiifilv  callrd  |...t:i-h.  ai,«l  \\a-«  -u  j  »|  •• .-»-.  1  !..  In-  an  <-l.-im-nt  ar\ 
It  was  known  that  its  alkaline  qualities  UI-M-  ivinh-iv.l  tai  \.-ilul 

\>\   tiratin^    it  with    lime,  \\hirh   canx-d   it  to   l»«-   1.  iin.d    mil, I  alkali,  in 
-tiimnish  it  IVoin  ti  alkali  nl.taim-«l  l>y  nn-an*.  of  lime, 

itMMedoi  \\fitul  c«,  .     I.itne,  it  was  said, 

i>  «lni\r«l    from  limr>tom-  l.y  tlu-  a«-ti«»n  ..f  t'nv.  and.  tin •: 
jM-fiiliar  |ir..|M-rti«-x  t(.  tin-  a«-.|nixiti«in  nf  a  r.-rtain  amount  of  tlu-  iiiattrr 

.  \\hirh.  in   turn,  it    imparts  t<.  the   mild  alkali,  and   th 
ii|ion  it  a  tail-tie  «.r  luiniiii^  1"'\ 

Illa.-k'-  r»->rar.-lu->  in  the  middl-  J'teenth  rentury.  uhieh  are 

.-d  to  as  models  of  indnetive  reasoning.  ezpOMO   tin-  fallacy 

e\|.l:iii:ition.  and  proved  that  in-tead  of  |  an\  thin^  fn.in 

•  .  the  lini'  1.  and  in-tead  of  impart- 

ivtliin^  to  the  mild  alkali,  the  lime  really  ;4aine^l  a-  much  rarlioiiic 

:   as  it    had   previously   1- 

The  raii-tir  potash,  so  largely  employed  1>\  the  soapmaker.  i-  obtained 

tO  a  Imiliiiir  diluted   solution  of  the  earlioi 

potash,  when  the  water  of  ti:.  of  lime  is  exchanged  fort! 

l.oiiir  a<-id.  and  tin-  '"in  of  the 

..  \\hilst  h>j,lrtil'   '  i.-main-  in  the  elear  solution — 

K  n.ro,     +     CaO.11,0     =     •  I  K  O.H  0 

n»lr  Of  .t«  Of 

i.:,.      . 


If  the  solution  of  car!  :lgh  be  too  strong,  the  lim< 

the   \\hoh-  of   the 
n  the  solution  is  .  .  ir;,i,'  of  poUtb  remain!*  as  a 

clear  <»ily  li«|uid.  which  loUdiflet  to  a  white  maM  M  i  and  forms 

the  fu  .  .  which  ;  lindi  ical  -tieU-; 

The   h\  dnl  i-h  i>  tin-  most    piiwerful 

alkalii  iinary  n-e.  and    i-  lently  emplo 

:    which    is 
in  its  speeitie  ^ra  :  ion  to  the 

lolation. 


•  uw.K.hurn. 

bate  •otuctitun  i  fraeoish  eol  -.me  mantcmnato  of  putaab. 


POTASSIUM. 


293 


FIG.  234. 


Potassium. — Of  the  composition  of  hydrate  of  potash  nothing  was  known 
till  the  year  1807,  when  Davy  succeeded  in  decomposing  it  by  the  gal- 
vanic battery;  this  experiment,  which  deserves  particular  notice, as  being 
the  first  of  a  series  resulting  in  the  discover}'  of  so  many  important  metals, 
was  made  in  the  following  manner:  a  fragment  of  hydrate  of  potash, 
which,  in  its  dry  state,  does  not  conduct  electricity,  was  allowed  to 
become  slightly  moist  by  exposure  to  the  air,  and  placed  upon  a  plate 
of  platinum  attached  to  the  positive  (copper)  end  of  a  very  powerful 
galvanic  battery;  when  the  wire  connected  with  the  negative  (zinc)  end 
was  made  to  touch  the  surface  of  the  hydrate  of  potash,  some  small 
metallic  globules  resembling  mercury  made  their  appearance  at  the  ex- 
tremity of  this  (negative)  wire,  at  which  the  hydrogen  contained  in  the 
hydrate  of  potash  was  also  eliminated,  whilst  bubbles  of  oxygen  were 
separated  on  the  surface  of  the  platinum  plate  connected  with  the  posi- 
tive wire  (see  p.  38).  By  allowing  the  negative  wire  to  dip  into  a  little 
mercury  contained  in  a  cav- 
ity  upon  the  surface  of  the 
potash,  a  combination  of  po- 
tassium with  mercury  was 
obtained,  and  the  mercury 
was  afterwards  separated 
by  distillation.  This  pro- 
cess, however,  furnished  the 
metal  in  very  small  quanti- 
ties, and,  though  it  was  ob- 
tained with  greater  facility 
a  year  or  two  afterwards  b}' 
decomposing  hydrate  of  pot- 
ash with  white-hot  iron,  some 
3'ears  elapsed  before  any  con- 
siderable quantity  of  potas- 
sium was  prepared  by  the 
present  method  of  distilling 
in  an  iron  retort  an  intimate 
mixture  of  carbonate  of  pot- 
ash and  carbon,  obtained  by 
calcining  cream  of  tartar;  in 
this  process  the  oxygen  of 
the  potash  is  removed  by  the  carbon  in  the  form  of  carbonic  oxide  (K20. 
C02  +  C2  =  K2  +  3CO). 

The  annexed  figure  represents  the  iron  retort  connected  with  its  copper  receiver, 
surrounded  with  cold  water,  and  containing  petroleum  to  protect  the  distilled  potas- 
sium from  oxidation.  The  lateral  tube  of  the  receiver  permits  the  tube  of  the 
retort  to  be  cleared,  if  necessary,  during  the  distillation,  by  the  passage  of  an  iron 
rod. 

Some  of  the  most  striking  properties  of  this  metal  have  already  been 
referred  to  (p.  43) ;  its  softness,  causing  it  to  be  easily  cut  like  wax,  the 
rapidity  with  which  its  silvery  surface  tarnishes  when  exposed  to  the 
air,  its  great  lightness  (sp.  gr.  0.865),  causing  it  to  float  upon  water, 
and  its  taking  fire  when  in  contact  with  that  liquid,  sufficiently  distin- 
guish it  from  other  metals.  It  fuses  easily  when  heated,  and  is  con- 
verted at  a  higher  temperature,  into  a  green  vapor  ;  if  air  be  present,  it 
burns  with  a  violet-colored  flame,  and  is  converted  into  anhydrous 
potash,  the  oxide  of  potassium  (K2O). 


Preparation  of  potassium. 
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Th.  .    of  burnin«r   with  this   pccnlia;  l<.ivd    Maine   is 

>f  potassium,  and  allows  it  to  be  recognized  in  ii  - 
pounds. 

If  n  solution  of  nitrate  of  poU*h   (*altpetre)  in  water  be  mixed  w 

I..MIII;  inflamed,  the  flame  will   have  a  p«t-uliar  lilac 
color.     Tlii-  also  be  developed  by  exposing  a  very  minute  particle  of  aalt- 

I  of  a  hfNtinl  platinu 

pipe  flii  Mi-  (KitaMium,  being  reduced  to  tl><-  m>  tallic  state,  and 

j.it'frin-  ng  (outer)  flame  in  the  state  of  vapor,  imparts  to  that  flame 

a  lilac  tinge. 


Colored  flame  MM. 

The  dill'ienlty  and  expense  attending  the  preparation  of  potassium 

have  piv\rntr<l  it-    ivr.-h  inur  any  :i|i|ilic:iti<>n  »'\«-cj>t    in  juin-ly  rlirini.-:il 
s  attraction  for  oxygen,  chlorine,  and  «ali«  i   »  h  «  n.. 
lements,  is  often  turned  to  an-mint. 

Th«-  <•///'•'  .'  !)   is  an   important  natural  source  of 

tliU  im-tal,  IHMII^  extiMct.-.l  from  sea-water,  from  kelp  (the  ash  of  sea- 
weed), and  from  the  refuse  of  tlu>  niamilartmv  nf-uunr  !V«  mi  In-. 
It  also  occur>  in  roinliination  with  chloride  of  magin-^iiiiii.  f«»nnin^  tin- 
1  KMMUII  a>  •••tri.'illiti-  (K.<M.Mi:ri,.»;II.<)),  an  immense  salim-  de- 
posit overlying  the  mek->alt  in  the  s:ilt-niine>  ••!'  Sta-*sfurth  in  S:i\..ny. 
Carnallite  resemhles  rock-salt  in  a|>|>  \  d<  li  |u> 

mises  to  become  the  most  important  -<-iir.-e  <>f  p.,ta--iiiin  hitherto 

•i  nfe  of  ;>'  .  O.H.O.2CO,,  or   KIK'o  I,  irfaiofa    it  much 

M  medicine,  i-  ..htain.'d  l.\  passing  carbonic  aci'l  thnm^h  a  MiMiiir 
solution  of  carbonate  of  p«,t-i^h.  \\hcn  it  i-  •leji-.^ited  in  crystals,  l>cinu 
much  less  soluble  in  uatn-  than  the  imriiial  carln  mate. 

s   '  >  \  <  >  .  <  i    K  \<  >    |OT  >v////»»-//v,  will  be  specially 
coi)Hi<leied  in  the  section  on  gunpowd-  t  . 

The  following  lett  imiM^rtant  •  ;  ")tas.*ium   havo  n<>t   ) 

elsewhere,  and  are  not  of  sufflcienl  practical  importance  to  require  particular  d-- 
this  work: 


\icle  of  potatsiii  Secquisulphide  of  potawii. 

Monosulphide       '•  .-ulplii.!. 
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SODIUM. 

Na'  =  23  parts  by  weight. 

181.  Sodium  is  often  found,  in  place  of  potassium,  in  the  feldspars 
and  other  minerals,  but  we  are  far  more  abundantly  supplied  with  it  in 
the  form  of  common  salt  (chloride  of  sodium,  NaCl),  occurring  not  only 
in  the  solid  state,  but  dissolved  in  sea-water,  and  in  smaller  quantity  in 
the  waters  derived  from  most  lakes,  rivers,  and  springs. 

Rock-salt  forms  very  considerable  deposits  in  many  regions ;  in  this 
country  the  most  important  is  situated  at  Northwich  in  Cheshire,  where 
very  large  quantities  are  extracted  by  mining.  Wielitzka,  in  Poland,  is 
celebrated  for  an  extensive  salt  mine,  in  which  there  are  a  chapel  and 
dwelling-rooms,  the  furniture  of  which  is  made  of  this  rock.  Extensive 
beds  of  rock-salt  also  occur  in  France,  Germany,  Hungary,  Spain,  Abys- 
sinia, and  Mexico.  Perfectly  pure  specimens  form  beautiful  colorless 
cubes,  and  are  styled  sal  gem;  but  ordinary  rock-salt  is  only  partially 
transparent,  and  exhibits  a  rusty  color,  due  to  the  presence  of  iron.  In 
some  places  the  salt  is  extracted  by  boring  a  hole  into  the  rock  and  fill- 
ing it  with  water,  which  is  pumped  up  when  saturated  with  salt,  and 
evaporated  in  boilers,  the  minute  crystals  of  salt  being  removed  as  they 
are  deposited. 

At  Droitwich,  in  Worcestershire,  the  salt  is  obtained  by  evaporation 
from  the  waters  of  certain  salt  springs.  In  some  parts  of  France  and 
Germany  the  water  from  the  salt  springs  contains  so  little  salt  that  it 
would  not  pay  for  the  fuel  necessary  to  evaporate  the  water,  and  a  very 
ingenious  plan  is  adopted,  by  which  the  proportion  of  water  is  greatly 
reduced  without  the  application  of  artificial  heat.  For  this  purpose  a 
lofty  scaffolding  is  erected  and  filled  with  bundles  of  brushwood,  over 
which  the  salt  water  is  allowed  to  How,  having  been  raised  to  the  top  of 
the  scaffolding  by  pumps.  In  trickling  over  the  brushwood  this  water 
exposes  a  large  surface  to  the  action  of  the  wind,  and  a  considerable 
evaporation  takes  place,  so  that  a  much  stronger  brine  is  collected  in  the 
reservoir  beneath  the  scaffolding;  by  several  repetitions  of  the  operation, 
the  proportion  of  water  is  so  far  diminished  that  the  rest  may  be  econom- 
ically evaporated  by  artificial  heat.  The  brine  is  run  into  boilers  and 
rapidly  boiled  for  about  thirty  hours,  fresh  brine  being  allowed  to  flow 
in  continually,  so  as  to  maintain  the  liquid  at  the  same  level  in  the 
boiler.  During  this  ebullition  a  considerable  deposit,  composed  of  the 
sulphates  of  lirne  and  soda,  is  formed,  and  raked  out  by  the  workmen. 
When  a  film  of  crystals  of  salt  begins  to  form  upon  the  surface,  the  fire 
is  lowered  and  the  temperature  of  the  brine  allowed  to  fall  to  about  180° 
F.,  at  which  temperature  it  is  maintained  for  several  days  whilst  the  salt 
is  crystallizing.  The  crystals  are  afterwards  drained  and  dried  by  ex- 
posure to  air.  The  grain  of  the  salt  is  regulated  by  the  temperature  at 
which  it  crystallizes,  the  size  of  the  crystals  increasing  as  the  tempera- 
ture falls.  It  is  not  possible  to  extract  the  whole  of  the  salt  in  this  way, 
since  the  last  portions  which  crystallize  will  always  be  contaminated 
with  other  salts  present  in  the  brine,  but  the  mother-liquor  is  not  wasted, 
for  after  as  much  salt  as  possible  has  been  obtained,  it  is  made  to  yield 
sulphate  of  soda  (Glauber's  salt),  sulphate  of  magnesia  (Epsom  salts), 
bromine,  and  iodine. 

The  process  adopted  for  extracting  the  salt  from '  sea-water,  depends 
upon  the  climate.  In  Russia,  shallow  pits  are  dug  upon  the  shore,  in 
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li  the  sea-water  is  all'  .  when  a  great  (><  the 

'T  separates  in  tin-  form  of  leaving  :l  solution  of  salt  sulli- 
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8.0         •'       chloride  «>f  imignesium, 
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stance  was  thus  imported  at  a  great  expense,  and  the  manufactures  of 
soap  and  glass,  to  which  it  is  indispensable,  were  proportionally  fet- 
tered. 

During  the  wars  of  the  French  Revolution  the  price  of  barilla  had 
risen  so  considerably,  that  it  was  deemed  advisable  by  Napoleon  to  offer 
a  premium  for  the  discovery  of  a  process  by  which  the  carbonate  of  soda 
could  be  manufactured  at  home,  and  to  this  circumstance  we  are  in- 
debted for  the  discovery,  by  Leblanc,  of  the  process  at  present  in  use 
for  the  manufacture  of  carbonate  of  soda  from  common  salt,  a  discovery 
which  placed  this  substance  at  once  among  the  most  important  raw 
.nalerials  with  which  a  countrj*  could  be  furnished. 

182.  Manufacture  of  Carbonate  of  Soda  from  Common  Salt. — The 
salt  is  spread  upon  the  hearth  of  a  r ever her atory  furnace  (Fig.  23(5),'  and 

FIG.  2:;r,. 


Furnace  for  con  veiling  common  salt  into  sulphate  of  soda. 

mixed  with  an  equal  weight  of  sulphuric  acid,  which  converts  it  into  the 
sulphate  of  soda  (j).  186),  expelling  the  hydrochloric  acid  in  the  form  of 
gas,  which  would  prove  highly  injurious  to  the  vegetation  in  the  neigh- 
borhood, and  is  therefore  usually  condensed  by  being  brought  into  con- 
tact with  water  (see  p.  187).  The  flame  of  the  lire  is  allowed  to  play 
over  the  surface  of  the  mixture  of  salt  and  sulphuric  acid  until  it  lias 
become  perfectly  dry;  in  this  state  it  is  technically  known  as  *<-///-  r/y/r. 
and  is  next  mixed  with  about  an  equal  weight  of  limestone  and  rather 
^s^nore  than  half  its  weight  of  small  coal;  this  mixture  is  again  heated 
upon  the  hearth  of  a  reverberatory  furnace,  when  it  evolves  an  abun- 
dance of  carbonic  oxide,  and  yields  a  mixture  of  carbonate  of  soda  with 
lime  and  sulphide  of  calcium  ;  this  mixture  is  technically  known  as 
black  ash. 

The  change  which  has  been  effected  in  the  sulphate  of  soda  will  be 
easily  understood  ;  for  when  this  salt  is  heated  in  contact  with  carbon 
(from  the  small  coal)  it  loses  its  oxygen,  and  becomes  sulphide  of 
sodium,  whilst  carbonic  acid  is  evolved  ;  thus  — 


Na2O.S0 


C2     = 


2CO,. 


1  The  hearth  of  this  furnace  is  usually  divided,  as  seen  in  the  figure,  into  two  compartments,  in 
one  of  which  (lined  with  lead),  more,  remote  from  the  yrate,  the  decomposition  is  effected,  the  acid 
l>i'in<r  poured  in  through  the  funnel,  while  in  that  nearest  to  the  ignite,  lined  with  lire-brick,  the  whole 
of  the  hydrochloric  acid  is  expelled,  and  the  sulphate  of  soda  fused. 
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Again,  fttC  "f  linn-  i>  heated  in  contact   with  -  ir- 

bonic  oxide  is  given  oft,  and  lime  remains  — 

CaO.CO,    +     C    =    2CO     +     ( 

;lly.  "hen  sulphide  of  MMliiiin  and    linn-   are   heated  together   in    the 
•  •I'  carbonic  :i.-i.|.  carbonate  of  soda  and  sulphide  of  calcium  are 
produced  — 

s    +    CaO    +    CO,    =     Ka/XCO,    +    < 

When  the  black  ash  is  treated  with  water,  tin-  carbonate  of  soda  is  dis- 

gtlie  sulphide  of  calcium,  and  by  evaporating  tin-  solution. 
ordi:  is  obtained.      Hut  this  is  b\    i,..  means  purr  carbonate 

of  soda!  f.»r  it  contains,  in  addition  to  a  coiisidei  able  quantity  of  common 
salt  and  sulphate  of  soda,  a  certain  amount   of  caustic  soda  or  hydrate 
of  soda,  formed  l»y  the  action  of  the  c\cc»  of  lime  upon  the  carl-onate 
i   to  purity  it,  the  crude  >oda  a>h    i>    mixed  with  >mall 
or  sawdust  an<l  a.naiii  l'iea!e«l.  when    the  carl.onic   acid  f..rin.-d  from 
the  ear!.-.  nacrous    matter   converts  the    hydrate   of  soda  into  carbonate, 
and   on   dissolving  the   mass   in  water  and  evaporating  the  solution,  it 
deposits  ulili.pu-  rhombic   prisms  of  common  wa.shinjj  soda,  having  t  In 
eom|»osition.   \      .....  V 

A  little  retlect'ion  will  show  the  important  inlluence  which  this  process 
ha->  exerted  upon  the  progress  of  the  useful  arts  in  this  country.  The 
three  raw  materials,  salt,  coal,  and  !  .  we  possess  in  abundance. 

The  sulphuric  acid,  when  the  process  was  first  introduced,  bore  a  high 
price,  but  the  resulting  demand  for  this  acid  gave  rise  to  M)  many  im- 
provements in  its  manufacture  that  its  price  has  been  verv  greatly 
diminished.—  a  circun  \hich  has,  of  course,  produced  a  n 

beneficial  ettect  np..n  all  branches  of  manufacture  in  which  the  aci 
cmpl' 

large  quantity  of  hydrochloric  acid  obtained  as  a  secondary  prod- 
net  has  been  employed  for  the  preparation  of  bleaching  powder,  ami 
the  important  arts  of  bleaching  and  calico-printing  have  tl,  \cd 

m  considerable   impulse.     These  arts  ha  \  more    .1 

benefit    from    the    increased    supply   of  carbonate    of  so,  la.    which    is   so 
larj»el\  used  for  cleansing  nil  kinds  of  textile  fabrics.     The  manufactures 
:md  glass,  which    probably  nvate   the  greatest   demand  for  car- 
ncreased  and  improved  beyond  all  precedent 
by  t:  -.fihis  salt  from  native  sources. 

Rff-r  /mm  Alkali-\oa*  \vh.«lo  «.f  tli-  sulj.hur 


r-nn  of  'ul;.Jn.r 

III    of  Mllplli'll'   of 

a-li  with  \v;it.-r.  —  v.-ral    |.roc«ie»  bn\ 

.Ij.hur   in  :  -<r  th«-   MKU  f  "il 

ue  fimple«t  of  thwe  c<»n-i#U  in   I 

'il  it  i»  converted  into  a  mixtur<-  <>f  tii.  ul|>l'  :!.!:•• 

of  liin.-,  th«-  ox  -i.ir.l  of  tin-  l>i.-ul|.hi'I«-  of  .•nU-iuin  ha* 

been  converted  into  hypo*ulph 

(1.)  2CtS    -H    O  —  CaO    +    CaS,.     (2.)  CaS,     -f    O,  =  CaO  - 

•10  yellow  li«jii<.r  .«-d  is  decomposed  by  the  muriati.   n.-i,l  fr. 

alkn 

0.8,0,    -f    2CaS,    -f    OHCl  =  S,    +    SCaCI,    +    8H 
An  •bjer-  e*«  appear*  to  be  the  difficulty  in   procuring  a  sufll 
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quantity  of  muriatic  acid,  for  which  there  is  a  great  demand  on  the  part  of  the 
producers  of  bleaching  powder  and  bicarbonate  of  soda. 

Another  process  for  recovering  the  soda  employs  the  waste  liquor  from  the  chlorine 
stills  (see  p.  177),  which  contains  chloride  of  manganese  (MnCl2)  and  pcrchloride  of 
iron  (Fe2CI6).  On  treating  the  sulphide  of  calcium  in  the  soda-waste  with  this 
still  liquor,  chloride  of  calcium  and  sulphides  of  iron  and  manganese  are  produced  : 

MnClg  -h  CaS  ==  MnS  +  CaCl2 ;  Fe2Cl6  +  3CaS  =  Fe2S3  -f  3CaCl2. 

By  exposing  these  sulphides  to  the  air,  in  a  moist  state,  the  sulphur  is  separated, 
and  the  metals  are  converted  into  oxides. 

2MnS  -f-  O3  =  Mn2Os  +  S2;  Fe2S3  +   O3  =  Fe2O3  -f  S3. 

By  stirring  these  oxides  with  more  soda-waste,  the  sulphides  are  reproduced  ;  and 
are  afterwards  again  oxidized  by  exposure  to  air.  so  as  to  separate  their  sulphur. 
The  sulphur  thus  separated  combines  with  the  sulphide  of  calcium  in  a  fresh  portion 
of  the  waste,  to  form  a  bisulphide,  one-third  of  which  is  oxidized  by  the  air,  as  in 
the  process  first  described,  and  converted  into  hyposulphite  of  lime.  In  order  to 
precipitate  the  sulphur  from  the  liquor  containing  the  bisulphide  of  calcium  and 
hyposulphite  of  lime  the  excess  of  hydrochloric  acid  always  present  in  the  chlorine 
still  liquor  is  turned  to  account;  the  sulphur  liquor  is  run  into  this  until  the  pre- 
cipitated sulphur  begins  to  be  accompanied  by  a  black  precipitate  of  sulphide  of 
iron,  showing  that  all  the  free  acid  has  been  neutralized.  The  still  liquor  thus  neutral- 
ized is  then  employed  for  decomposing  a  fresh  portion  of  the  soda-waste  as  at  the 
commencement  of  the  process.  The  precipitated  sulphur  is  pressed  to  free  it  from 
the  liquor,  dried,  and  melted  by  superheated  steam. 

Although  the  chemistry  of  this  process  is  rather  elaborate,  the  practical  working 
is  said  to  be  very  simple  and  inexpensive. 

The  crystals  of  carbonate  of  soda  are  easily  distinguished  b}T  their 
property  of  efflorescing  in  dry  air  (p.  73),  and  by  their  alkaline  taste, 
which  is  much  milder  than  that  of  carbonate  of  potash,  this  being, 
moreover,  a  deliquescent  salt.  The  crystals  are  very  soluble  in  water, 
requiring  only  2  parts  of  cold  and  less  than  their  own  weight  of  boiling 
water;  the  solution  is  strongly  alkaline  to  test-papers. 

The  substance  commonly  used  in  medicine  under  the  name  of  carbon- 
ate of  soda,  is  really  the  bicarbonate  (Na2O.GO,.H.,O.CO,  or  NaHC03), 
and  is  prepared  by  saturating  the  carbonate  of  soda  with  carbonic  acid 
gas.  It  is  readily  distinguished  from  the  carbonate,  as  it  is  but  slightly 
alkaline,  and  is  very  much  less  easily  dissolved  by  water. 

Soda  lye,  employed  in  the  manufacture  of  hard  soap,  is  a  solution  of 
hydrate  of  soda  (Na2O.H,O  or  XaHO),  obtained  by  decomposing  the 
carbonate  of  soda  with  hydrate  of  lime  (slaked  lime,  CaO.H20),  when 
the  water  of  this  latter  compound  is  exchanged  for  the  carbonic  acid  of 
the  carbonate. 

The  solid  hydrate  of  soda  of  commerce  is  generally  obtained  in  the 
process  for  manufacturing  carbonate  of  soda,  just  described;  the  solu- 
tion obtained  by  treating  the  black  ash  with  water  is  concentrated  b}' 
evaporation,  so  that  the  carbonate  and  sulphate  of  soda  and  chloride  of 
sodium  may  crystallize  out,  leaving  the  hydrate  of  soda,  which  is  far  more 
soluble,  in  the  liquid.  The  latter,  which  still  contains  a  compound  of 
sulphide  of  sodium  and  sulphide  of  iron,  which  gives  it  a  red  color,  is 
mixed  with  some  nitrate  of  soda  to  oxidize  the  sulphides,  and  evap- 
orated down  until  a  fused  mass  of  hydrate  of  soda  is  left,  which  is 
poured  out  into  iron  moulds.1 


1  Another  plan  of  treating  the  black  ash  liquor  consists  in  allowing  it  to  trickle  through  a  column 
of  coke  against  a  current  of  air,  when  the  sulphide  of  sodium  (NnaS)  is  oxidized  and  converted  into 
soda  (Na9O)  and  hyposulphite  of  soda  i  Ns^S,'^'.  whilst  the  sulphide  of  iron  is  deposited.  The  liquor 
is  mixed  with  a  little  chloride  of  lime  to  oxidize  any  remaining  sulphides,  and  concentrated  by  evap- 
oration, when  carbonate  of  soda  and  ferrocvanide  of  sodium  are  deposited  in  crystals.  The  liquor 
separated  from  these  contains  the  hydrate  of  soda,  and  is  evaporated  till  it  solidifies  on  cooling. 
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crystallized,  an  operation  upon  which  much  care  is  bestowed,  since  the 
product  does  not  meet  with  a  ready  sale  unless  in  large  crystals. 

The  solution  of  borax,  having  been  evaporated  to  the  requisite  degree 
of  concentration,  is  allowed  to  crystallize  in  covered  wooden  boxes,  which 
are  lined  with  lead  and  inclosed  in  an  outer  case  of  wood,  the  space 
between  the  sides  of  the  case  and  the  box  being  stuffed  with  some  bad 
conductor  of  heat,  so  that  the  solution  of  borax  may  cool  very  slowly, 
and  large  crystals  may  be  deposited.  In  about  thirty  hours  the  crys- 
tallization is  completed,  when  the  liquid  is  drawn  off  as  rapidly  as  pos- 
sible, the  last  portion  being  carefully  soaked  up  with  sponges,  so  that 
no  small  crystals  may  be  afterwards  formed  upon  the  surface  of  the 
large  ones ;  the  case  is  then  again  covered  up,  so  that  the  crystals  may 
cool  slowly  without  cracking. 

Borax  is  chemically  known  as  biborate  of  soda,  and  is  represented  in 
the  dry  state  by  the  formula  Na.20.2B.203.  The  ordinary  prismatic  crys- 
tals, however,  contain  ten  molecules  of  water  of  crystallization,  and  are 
therefore  represented  by  the  formula  Na,O.2B308.10Aq.  They  soon 
effloresce  and  become  opaque  when  exposed  to  air,  and  may  readily  be 
distinguished  by  their  alkaline  taste  and  action  upon  test-papers,  and 
especially  by  their  behavior  when  heated,  for  they  fuse  easily,  and  inlu- 
mesce  most  violently,  swelling  up  to  a  white  spongy  mass  of  many  times 
their  original  bulk ;  this  mass  afterward  fuses  down  to  a  clear  liquid 
which  forms  a  transparent  glassy  mass  on  cooling  (vitrified  borax),  and 
since  this  glass  is  capable  of  dissolving  many  metallic  oxides  with  great 
readiness  (borax  being,  by  constitution,  an  acid  salt,  and  therefore  ready 
to  combine  with  more  base),  it  is  much  used  in  the  metallurgic  arts. 
Large  quantities  of  borax  are  also  employed  in  glazing  stoneware. 

185.  Silicate  of  Soda. — A  combination  of  soda  with  silicic  acid  has 
long  been  used,  under  the  name  of  soluble  <//a.ss,  for  imparting  a  fire- 
proof character  to  wood  and  other  materials,  and  more  recently  for  pro- 
ducing artificial  stone  for  building  purposes,  and  for  a  peculiar  kind  of 
permanent  fresco-painting  (xtwochromi/),  the  results  of  which  are  in- 
tended to  withstand  exposure  to  the  weather. 

Soluble  glass  is  usually  prepared  by  fusing  15  parts  of  sand  with  8 
parts  of  carbonate  of  soda  and  1  part  of  charcoal.  The  silicic  acid, 
combining  with  the  soda,  disengages  the  carbonic  acid,  the  expulsion 
of  which  is  facilitated  by  the  presence  of  charcoal,  which  converts  it 
into  carbonic  oxide.  The  mass  thus  formed  is  scarcely  affected  by  cold 
water,  but  dissolves  when  boiled  with  water,  yielding  a  strongly  alkaline 
liquid. 

In  using  this  substance  for  rendering  wood  fire-proof,  a  rather  weak 
solution  is  first  applied  to  the  wood,  and  over  this  a  coating  of  lime-wash 
is  laid,  a  second  coating  of  soluble  glass  (in  a  more  concentrated  solu- 
tion) is  then  applied.  The  wood  so  prepared  is,  of  course,  charred  as 
usual  by  the  application  of  heat,  but  its  inflammability  is  remarkably 
diminished. 

For  the  manufacture  of  Ransomed  arlijn-nil  ntnne,  the  soluble  glass  is 
prepared  by  heating  flints,  under  pressure,  with  a  strong  solution  of 
hydrate  of  soda,  to  a  temperature  between  300°  and  400°  F.,  when  the 
silicic  acid  constituting  the  flint  enters  into  combination  with  the  soda. 
Finely-divided  sand  is  moistened  with  this  solution,  pressed  into  moulds, 
dried,  and  exposed  to  a  high  temperature,  when  the  silicate  of  soda  fuses 
and  cements  the  grains  of  sand  together  into  a  mass  of  artificial  sand- 
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186.  The  -.rival    chemical    roiMiililaii-  •  •!'  the  salts  of 

nia  and  those  of  potash  and  soda  has  been  already  pointed  out  as 
n  Hording  a  reason  for  tin-  hypothesis  of  the  e\Ute  •••impound 

metal.  Ml    '.  equivalent   in  it-   functions   t«»   pota^imn  and 

sodium.  BoweVdT  Convenient  this  assumption  may  be  lor  the  purpoM- 
of  repre-.entinU'  by  i-ijuatioiis  the  chemical  chains  in  which  the  ^.-ilt>  of 
ammonia  tak.-  part,  it  i-  evidently  neee>sarv  to  ]•!  -alts  on  a 

!'   potash  and    -..da.  until   either  the 
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i!nmoMi;i  to  f.,i  in  ammoiiidex. 
which  -pondiir. 
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of  ammonia  until  after  water  has  been  assimilated.  The  true  salts  of 
ammonia  are  produced  either  b}^  the  combination  of  a  hydrated  acid 
with  ammonia,  or  by  double  decomposition. 

187.  Sulphate  of  Ammonia  (2NH3.H2O.S03,  or  (NH4)2SO4)  is  largely 
employed  in  the  preparation  of  ammonia-alum,  and  of  artificial  manures, 
for  which  purposes  it  is  generally  obtained  from  the  ammoniacal  liquor 
of  the  gas-works  by  neutralizing-  with  sulphuric  acid  and  evaporating. 
The  rough  ciystals  are  gently  heated  to  expel  tany  substances,  and 
purified  by  recrystallization.  The  crystals  have  the  same  shape  as  those 
of  sulphate  of  potash,  and  are  easily  soluble  in  water.  When  heated  to 
about  500°  F.  the  sulphate  of  ammonia  is  decomposed,  yielding  vapor  of 
sulphite  of  ammonia  (2NH3.H2O.SO2),  water,  ammonia,  nitrogen,  and 
sulphurous  acid.  If  muslin  be  dipped  into  a  solution  of  sulphate  of 
ammonia  in  ten  parts  of  water,  and  dried,  it  will  no  longer  burn  with 
flame  when  ignited.  The  mineral  mascagnine  consists  of  sulphate  of 
ammonia.  This  salt  is  occasionally  found  in  needle-like  crystals  upon 
the  windows  of  rooms  in  which  coal-gas  is  burnt.  The  bisulphate  of 
ammonia  contains  NH3.H2O.S03,  or  NH4HS04. 


188. 

is  the  common  carbonate  of  ammonia  of  the  shops,  also  called  smelling 
salts  or  Preston  salts,  largely  used  in  medicine,  and  by  bakers  and  con- 
fectioners, for  imparting  lightness  or  porosity  to  cakes,  &c.  It  is  com- 
monly prepared  by  mixing  sal  ammoniac  (hydrochlorate  of  ammonia) 
with  twice  its  weight  of  chalk,  and  distilling  the  mixture  in  an  earthen 
or  iron  retort  communicating,  through  an  iron  pipe,  with  a  leaden  cham- 
ber or  receiver,  in  which  the  sesquicarbonate  of  ammonia  collects  as  a 
transparent  fibrous  mass,  which  is  extracted  by  taking  the  receiver  to 
pieces,  and  purified  by  resubliming  it  at  about  130°  F.,  in  iron  vessels 
surmounted  by  leaden  domes.  The  action  of  carbonate  of  lime  upon 
hydrochlorate  of  ammonia  would  be  expected  to  furnish  the  neutral  car- 
bonate (2NH3.H2O.CO2),  or  (NH4).,CO,,  but  this  salt  (even  if  produced) 
is  decomposed  by  the  heat  employed  in  the  process,  with  loss  of  ammonia 
and  water,  and  formation  of  sesquicarbonate  of  ammonia  — 

6(NH3.HC1)     +  3(CaO.C02)     = 
4NH3.2H20.3C02     +     2NH3     +     H20     +     3CaCl2. 

When  a  mass  of  freshly  prepared  sesquicarbonate  of  ammonia  is  ex- 
posed to  air,  it  evolves  ammonia  and  carbonic  acid,  and  becomes  gradu- 
ally converted  into  an  opaque  crumbly  mass  of  bicarbonate  of  ammonia  — 

4NH3.2H20.3C02     =     2NH3     +     C02     +     2(NH3.H2O.C02). 

Water  effects  this  decomposition  more  rapidly  ;  if  the  powdered  ses- 
quicarbonate of  ammonia  be  washed  with  a  little  water,  bicarbonate  of 
ammonia  is  left,  and  the  solution  contains  the  elements  of  neutral  car- 
bonate of  ammonia  (2NH3.H2O.C02),  but  this  salt  has  not  been  obtained 
in  the  solid  form.  The  sesquicarbonate  dissolves  in  about  three  times  its 
weight  of  cold  water.  Boiling  water  decomposes  it,  and  the  solution, 
on  cooling,  deposits  large  prismatic  ciystals  of  bicarbonate  of  ammonia 
(NH3.H2O.C02)  which  is  much  less  soluble  in  water.  This  salt  has  been 
found  in  considerable  quantity,  forming  crystalline  masses,  in  a  bed  of 
guano  on  the  western  coast  of  Patagonia.  Sal  volatile  is  an  alcoholic 
solution  of  carbonate  of  ammonia  obtained  by  distilling  sal  ammoniac 
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Hydrochlorate  of  ammonia  is  found  in  volcanic  districts,  and  is  pres- 
ent in  very  small  quantity  in  sea-water. 

1  90.  Hydro  sulphate  of  ammonia  (2NH8.H8S)  or  sulphide  of  ammonium 
(NH4),S,  has  been  obtained  in  colorless  ci\ystals  by  mixing  hydrosulphuric 
acid  gas  with  twice  its  volume  of  ammonia  gas  in  a  vessel  cooled  by  a 
mixture  of  ice  anctsalt.  It  is  a  very  unstable  compound,  decomposing 
at  the  ordinary  temperature  of  the  air  into  free  ammonia  and  bi-hydro- 
sulphate of  ammonia,  NH3.H.2S,  which  may  be  obtained  in  very  volatile 
colorless  needles  by  passing  equal  volumes  of  its  constituent  gases  into 
a  vessel  cooled  in  ice.  When  a  solution  of  ammonia  is  saturated  with 
hydrosulphuric  acid  gas,  the  ammonia  is  found  to  have  combined  with 
two  molecules,  forming  a  solution  of  the  bi-hydrosulphate  or  hydrosul- 
phate  of  ammonium  (NH4HS).  The  solution  is  colorless  when  freshly 
prepared,  but  it  soon  becomes  yellow  in  contact  with  the  air,  from  the 
formation  of  the  bisulphide  of  ammonium  ((NH4)2S2),  hyposulphite  of 
ammonia  bein  formed  at  the  same  time  — 


4(NH4HS)  +  05  ==  (NH4),Sa  +  (NH4)2S203  +  2H20. 

Eventually,  the  solution  deposits  sulphur  and  becomes  colorless,  hypo- 
sulphite, sulphite,  and  sulphate  of  ammonia  being  formed.  When  the 
freshly  prepared  colorless  solution  of  the  bi-hydrosulphate  of  ammonia  is 
mixed  with  an  acid,  the  solution  remains  clear,  hydrosulphurie  acid  being 
evolved  with  effervescence  ;  NH,.H2S  +  HC1  =  NH3.HC1  +  H2S  ;  but 
if  the  solution  be  yellow,  a  milky  precipitate  of  sulphur  is  produced, 
from  the  decomposition  of  the  bisulphide  of  ammonium  — 

(NH4)2S2  +  2HC1  ==  2NH4C1  +  H2S  +  S. 

The  fresh  solution  gives  a  black  precipitate  of  sulphide  of  lead  when 
solution  of  acetate  of  lead  is  added  to  it,  but  after  it  has  been  kept  till 
it  is  of  a  dark  yellow  or  red  color,  it  gives  a  red  precipitate  of  the  per- 
sulphide  of  lead.  Solution  of  hydrosulphate  of  ammonia,  prepared  by 
mixing  the  bi-hydrosulphate  with  an  equal  volume  of  solution  of  ammo- 
nia, is  largely  employed  in  analytical  chemistry.  The  solution  has  a 
very  disagreeable  odor. 

Bisulphide  of  ammonium  is  obtained  in  deliquescent  yellow  crystals,  when  a  mix- 
ture of  ammonia  gas  with  vapor  of  sulphur  is  passed  through  a  red-hot  porcelain 
tube.  It  is  the  chief  constituent  of  Boyle's  fuming  liquor,  a  fetid  yellow  liquid  ob- 
tained by  distilling  sal  ammoniac  with  sulphur  and  lime.  The  bisulphide  of  am- 
monium is  sometimes  deposited  in  yellow  crystals  from  this  liquid.  By  dissolving 
sulphur  in  the  bisulphide  of  ammonium,  orange-yellow  prismatic  crystals  of  pmta- 
sti.lplude  of  ammonium  (NH4)2S5  may  be  obtained.  Even  a  heptasulphide  of  ammo- 
nium (NH4)2S7  has  been  crystallized". 

Compounds  may  be  obtained  in  which  the  sulphide  of  ammonium  (NH4),,S  plays 
the  part  of  a  sulphur-  base  towards  the  sulphides  of  arsenic,  antimony,  and  other 
sulphur-acids. 

It  is  scarcely  possible  to  represent  the  constitution  of  the  higher  sulphides  of  am- 
monium except  on  the  ammonium  hypothesis. 

The  hydrobromate  of  ammonia  (NH3.HBr),  or  bromide  of  ammonium  (NH4Br), 
and  the  hydriodate  of  ammonia  (NH3.HI),  or  iodide  of  ammonium  (NH4I),  are 
useful  in  photography.  They  are  both  colorless  crystalline  salts,  but  the  iodide  is 
very  liable  to  become  yellow  or  brown,  from  the  separation  of  iodine,  unless  kept 
dry  and  in  the  dark.  Both  salts  are  extremely  soluble  in  water. 

191.  LITHIUM  (L  =  7  parts  by  weight)  is  a  comparatively  rare  metal,  obtained 
chiefly  from  the  minerals  lepidolite  (Acrrfj,  a  scale)  or  lithia-mica,  containing  silicate 
of  alumina  with  fluorides  of  potassium  and  lithium  ;  petalite  (TrsraXov,  a  leaf),  silicate 

20 
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distinct  red  band  of  a  darker  color  than  the  lithium  band,  and  a  feeble 
violet  band.  Instead  of  throwing  the  spectrum  upon  a  screen,  it  is  gen- 
erally passed  through  a  telescope  (C)  to  the  eye  of  the  observer,  and 
the  spectroscope  so  constructed  has  now  taken  its  place  among  the  ap- 
paratus indispensable  to  the  analytical  chemist.  The  prism  B  may  be 
slowly  moved  round  by  a  handle  attached  to  a  stage  on  which  it  rests, 
in  order  that  the  different  parts  of  the  spectrum  may  be  successively 
brought  into  sight.  By  comparing  the  spectra  of  the  flames  containing 
vapors  of  the  metals  with  a  picture  or  map  of  the  solar  spectrum  (Fig. 
238),  the  exact  position  of  the  various  colored  bands  may  be  noted,  and 
thus,  if  several  metals  are  present  in  the  same  flame,  they  may  still  be 
distinguished  by  the  colors  and  positions  of  their  bands.  Thus,  if  a 
mixture  of  the  chlorides  of  potassium,  sodium,  and  lithium  be  taken 
upon  a  loop  of  platinum  wire  and  held  in  the  flame,  the  'dull  red  line  of 
potassium  (K,  Fig.  238)  is  seen  close  to  one  end  of  the  spectrum,  at 
some  distance  from  it  the  bright  red  band  (L)  of  lithium  ;  at  about  the 

FIG.  238. 
Violet.    Indigo.          Blue.  Green.  Yellow.       Orange.     Red. 


Spectrum  furnished  by  solar  light  decomposed  by  a  prism. 

I  I    ill     nil  ill  I  U 


\\    \\\\ 


k  Na  L       K 

Colored  bands  in  the  spectrum. 

same  distance  from  this,  the  pale  yellow  lithium  line ;  and  close  to  this, 
the  bright  yellow  band  of  sodium  (Xa);  whilst  near  to  the  other  end  of 
the  spectrum  is  the  feeble  violet  band  of  potassium  (k}.  The  chlorides 
of  the  metals  are  most  suitable  for  this  experiment,  on  account  of  their 
easy  conversion  into  vapor. 

When  examining,  with  the  spectroscope,  the  alkaline  chlorides  extracted  from  the 
spring  water  above  alluded  to,  Bunsen  and  Kirchhoff  observed  two  red  and  two  hlue 
bands  in  the  spectrum,  which  they  could  not  ascribe  to  any  known  substance,  and 
which  they  ultimately  traced  to  the  two  new  metals,  rubidium  (rubidus,  dark-red] 
and  caesium  (cee.s-f'//.«,  xl;y-l>lue). 

Rubidium  has  since  been  found  in  small  quantity  in  other  mineral  waters,  in 
lepidolite  and  in  the  ashes  of  many  plants.  This  metal  is  closely  related  in  prop- 
erties to  potassium,  but  is  more  easily  fusible  and  convertible  into  vapor,  and  actually 
surpasses  that  metal  in  its  attraction  for  oxygen,  rubidium  taking  fire  spontaneously 
in  air.  It  burns  on  water  with  exactly  the  same  flame  as  potassium.  Its  oxide, 
r>il>i<Ua  (Rb2O),  is  a  powerful  alkali,  like  potash,  and  its  salts  are  isomorphous  with 
those  of  potash.  The  double  chloride  of  platinum  and  potassium,  however,  is  eight 
times  as  soluble  in  boiling  water  as  the  corresponding  salt  of  rubidium,  which  is 
taken  advantage  of  in  separating  these  two  allied  metals. 

Caesium  appears  to  be  even  more  highly  electropositive  than  rubidium,  forming  a 
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<  alknli.r/rjui  (C»,O  .<!  salt*  which  are  iftomorphou*  with  those 

•riale  of  cmia,  howwv  •,  hii-h  <!»< 

;Uu  of  cmia  i* 

line*  «s  *>1  '•  r  a*  tin-  l»i  tart 
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•n,  is  Mid  to  contain  a  very  large  <| 


"•ic  of  the  Group  of  Al^'ili-nn-tiiln.  —  Ca'sium.  rubi- 

dium, potassium.  -  md   litliiiiiu.  constitute  a   Liroup   of  elements 

-picnous    f«»r    their   highly  elect  rop,,  sit  ivc   character.   the   powerfully 

line  nature  of  their  iixi'lrx.  ami  tin-  general  solul-ility  «>f  tht-ir  »:ilts. 

I       i    duMniral  characters  and  funrtiniiN  arc  «iii-cctly  opposite  to  those 

of  the  clcctr<»iM--.t  |p  cMiitainiii^  lluoiinc.  clilnrinc,  Imuniiir. 

iu\  and.  like  tln>sc  rlnm-nts.  they  exhiliit  a  gradation  «>t'  pi 
Thus,  cii'sium  appears  t<>  l>e  tin-  most  highly  elect  ro|X)8itive  inemlnT. 
ni!»idiiiiii  the  next,  then  pota—  mtn  and  sodium.  \\hiNt  lithium  i-  tin- 
least  elec-t  n»p«>>i  live  ;  and  ju-t  as  iodine  the  least  eleetnmeur:iti*»'  «»f  the 
lial"-_r(.|i-.  posxe-ses  the  lii-jliest  atomic  number,  so  ca-ium,  the  least 
•i  (.negative  (or  nio>t  electrop<>-  f  the  alkali-metals,  has  a 

[gh(  than  any  other  member  of  this  ^nuip.  their  at- 
weights  liein-.r  represented  hythe  nuinliers,  ca-xiiini.  l:i:i:  rtiltidiiiin.  v' 
|x>tas^iu'  lithium.  n  the  case  of  the  1. 

al-o.  there  is  no  reason  to  believe  that  the  atomic  Wfiiiln*  <»t'  thi^  ^nuip 
dilt'er  from   their  equivalent  \\cigltts,  so  that    they  are  all   univaleiit  ele- 
ment-.     .  I  list  as  chlorine    is   accepted    a^    t  he  ivpiv-i-ntative  of  ••film- 
rod'  —  ium  is  commonh  I   as   the   type  of  ' 

r'i'lx  <t/.<,  the  term    radical  l»ein^  applii-d    t"   all    snh-iance-;.  \\liether  ele- 
mentary  or   compound,   which  iMe   of   being   trai,  like 

chlorine  or  pota-siuin.  from  ODC  compouinl  to   another  without  sullering 

;ion. 

Some  of  the  ph\-.ical  j.roperties  of  these  element  >  exhibit  A  gradation 

in  the  sann-  order  as  their  atomic  \\  ,  btU  rubidium  fuses  at  101° 

1"..  p..t  i^ium  at   1  H.:»    ,  sodium  .d   lithium  at  iat. 

at    ordinary   temperatures,    rubidium    is   the    softest,    and    lithium    the 

>t  of  these  metals. 

^alts  a  similar  gra<l:itional  relation  is  observed:   the 

•onates,  for  example,  of  coesia,  rubidia,  and  potassa,  arc  hi-hly  deli- 

:ug  water  greedily    from    the   air.  \\hiUt    carbonate    of 

•  •li.piescent,  and  carbonate  of  lithia  is  spaiin-ly  soluble  in 

water.      The  dillieiilt  solubility  of  the  carl  .....  ate  and  phosphate  of  lithia 

|   link  between    this  and   the   sueceedin::  nioiip 

of  metals,  the  carbonates  and  phosphates  of  which  are  insoluble  in  water. 

i:  \IIMM 
Ba"=  187parUby  w.-i^ln. 

on,  to  named  from  tiie  greal  pounds  r  - 

i.  in 
two  minerals  Un<>\vn  a-   H  .n-1 

sulphate  -  '  ).      ^Vit  !  >und  in  !  I 
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!  -oiling  i;it^.  mid  was   oriuinnlly  mis- 

id. 

.1  its,  -If  i-  i  chloride  of  barium 

:  Me,  malleable  tuetrtl  of 
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sp.  gr.  about  4,  which  is  easily  oxidized  by  air,  and  rapidly  decomposes 
water  at  common  temperatures. 

Such  compounds  of  baryta  as  are  used  in  the  arts  are  chiefly  prepared 
from  heavy  spar  or  sulphate  of  baryta,  which  is  remarkable  for  its  in- 
solubility in  water  and  acids.  In  order  to  prepare  other  compounds  of 
baryta  from  this  refractory  mineral,  it  is  ground  to  powder,  and  strongly 
heated  in  contact  with  charcoal  or  some  other  carbonaceous  substance, 
which  removes  the  oxygen  from  the  mineral  in  the  form  of  carbonic 
oxide,  and  converts  it  into  sulphide  of  barium;  BaO.S03  -j-  C4  =  4CO 
+  BaS.  This  latter  compound,  being  soluble  in  water,  can  be  readily 
converted  into  other  barytic  compounds. 

The  artificial  sulphate  of  baryta  which  is  used  by  painters,  instead  of 
white  lead,  under  the  name  of  permanent  while,  and  is  employed  for 
glazing  cards,  is  prepared  by  mixing  the  solution  of  sulphide  of  barium 
with  dilute  sulphuric  acid,  when  the  sulphate  of  baryta  separates  as  a 
white  precipitate,  which  is  collected,  washed,  and  dried — 

BaS  +  H2O.S03  =  H2S  +  BaO.SO,. 

The  artificial  carbonate  of  baryta,  which  is  used  in  the  manufacture  of 
some  kinds  of  glass  is  prepared  by  passing  carbonic  acid  gas  through  a 
solution  of  sulphide  of  barium,  when  the  carbonate  of  baryta  is  precipi- 
tated ;  BaS  +  H2O  +  C02  =  H2S  +  BaO.CO, 

In  preparing  compounds  of  barium  from  heavy  spar  on  the  small  scale,  it  is  better 
to  convert  the  sulphate  of  baryta  into  carbonate  of  baryta.  50  grs.  of  the  finely- 
powdered  sulphate  are  mixed  with  100  grs.  of  dried  carbonate  of  soda,  600  grs.  of 
powdered  nitre,  and  100  grs.  of  very  finely-powdered  charcoal.  The  mixture  is 
placed  in  a  heap  upon  a  brick  or  iron  plate,  and  kindled  with  a  match,  when  the 
heat  evolved  by  the  combustion  of  the  charcoal  in  the  oxygen  of  the  nitre,  fuses  the 
sulphate  of  baryta  with  the  carbonate  of  soda,  when  they  are  decomposed  into  car- 
bonate of  baryta  and  sulphate  of  soda — 

BaO.S03  +  Na2O.CO2  =  Na2O.SO3  +  BaO  CO,. 

The  fused  mass  is  thrown  into  boiling  water,  which  dissolves  the  sulphate  of  soda 
and  leaves  the  carbonate  of  baryta.  The  latter  may  be  allowed  to  settle,  and  washed 
several  times  by  decantation  with  distilled  water,  until  the  washings  no  longer  yield 
a  precipitate  with  chloride  of  barium,  showing  that  the  whole  of  the  sulphate  of 
soda  has  been  washed  away,  and  pure  carbonate  of  baryta  remains. 

Nitrate  of  baryta  BaO.N2O.  or  Ba(NO3)2,  is  obtained  by  dissolving 
carbonate  of  baryta  in  diluted  nitric  acid,  and  evaporating  the  solution, 
when  octahedral  crystals  of  the  nitrate  are  deposited.  It  is  an  ingredient 
in  some  kinds  of  blasting  powder  used  by  miners.  If  nitrate  of  baryta 
be  heated  in  a  porcelain  crucible,  it  fuses  and  is  decomposed,  leaving  a 
gray  porous  mass  of  baryta ;  BaO.N2O5  =  BaO  +  2N02  +  O. 

Hydrate  of  baryta  may  be  procured  by  adding  4  oz.  of  the  powdered 
nitrate  of  baryta  to  12  oz.  of  a  boiling  solution  of  hydrate  of  soda,  of 
sp.  gr.  1.13  (prepared  by  dissolving  3  oz.  of  commercial  hydrate  of  soda 
in  20  measured  ounces  of  water);  the  solution  becomes  turbid  from  the 
separation  of  carbonate  of  baryta  produced  from  the  carbonate  of  soda 
in  the  hydrate ;  it  is  boiling  for  some  minutes  and  then  filtered  ;  on  par- 
tial cooling,  some  crystals  of  undecomposed  nitrate  of  baryta  are  de- 
posited, and  if  the  clear  liquid  be  poured  off  into  another  vessel  and 
stirred,  it  deposits  abundant  crystals  of  hydrate  of  baryta,  having  the 
composition  BaO.H2O.8Aq. ;  these  effloresce  and  become  opaque  when 
exposed  to  air,  becoming  BaO.H2O.Aq. ;  when  heated  to  redness  they 
become  pure  hydrate  of  baryta,  BaO.H2O,  which  fuses,  but  is  not  de- 


810  sin 

vheu   further    heated.       Tin-    h  \dlat.'    "I     bar\ta    U  model  at  .-K 
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;.-h  is  employed  for  tin-  preparation  of  peroxide  of  hydrogen 

.    shich  is  the   barium  compound  n  'n-nily 

employed  in  the  laboratory ,  maj  b  1  i>\  •  dissolving  tin-  can 
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I'. :,«  UB<  '  4-  CaCl,  =  CaO.SO,  +  BaClr 

The  mass  is  rapidly  extractiMl  with  hot  wati-r.  \\hirh  l.-avr-  tlu>  >ulpliat«- 
of  limr  undissolvi-il,  and  tin-  clear  solution  of  cliloridr  of  darium  is  de- 
raiitr-l  and  cvaporatt-d.  If  the  -ulphate  of  lime  and  ehloiide  of  hariuin 
were  allowed  to  remain  1-  «ith  t  he  water.  -ulj>hate 

of  baryta  an«l  chloride  of  ealeium  would  I.,-  ivprod 

!        '.CM  >  .  ..,  )7)   is   employe.!    in   the 

manufacture  oflirework-.  1-e'mu  prepared  for  that  purpose  }.y  di--«»lviu_i; 
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.. -h  as  charcoal  and  sulphur,  it  imparts  a  brilliant  g 
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-\  leshin-.  and   has  since  been  found  in  -mall  <piantity  in  some   mineral 
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with  the  nativr   sulphur  in  Sicily.      It    is  also  met  with  in  this  country. 

•  in  which  '• 
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inpounds   of    strontium    p.  little 

felt  tho«,f  of  barium  t«>  I'etpiire 
ilar  description    I  -tiontium.   ho\\.-\. 

pan-d  in  a  similar   manner  to  metallic   barium. 
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which  it  much  resembles,  though  it  is  lighter  (sp.  gr.  2.54)   and  less 
fusible.     It  burns,  when  heated  in  air,  with  a  crimson  flame. 

CALCIUM. 

Cax/  =  40  parts  by  weight. 

196.  No  other  metal  is  so  largely  employed  in  a  state  of  combination 
as  calcium,  for  its  oxide,  lime  (CaO),  occupies  among  bases  much  the 
same  position  as  that  which  sulphuric  acid  holds  among  the  acids,  and 
is  used,  directly  or  indirectly,  in  most  of  the  arts  and  manufactures. 

Like  barium  and  strontium,  it  is  found,  though  far  more  abundantly 
than  these,  in  the  mineral  kingdom,  in  the  forms  of  carbonate  and  sul- 
phate, but  it  also  occurs  in  large  quantity  as  fluoride  of  calcium  (p.  214), 
and  less  frequently  in  the  form  of  phosphate  of  lime  (p.  256).  Calcium, 
moreover,  is  found  in  all  animals  and  vegetables,  and  its  presence  in 
their  food,  in  one  form  or  other,  is  an  essential  condition  of  their 
existence. 

Metallic  calcium  may  be  obtained  by  decomposing  fused  iodide  of 
calcium  with  metallic  sodium.  It  has  a  light  golden-yellow  color,  is 
harder  than  lead,  and  very  malleable  ;  it  oxidizes  slowly  in  air  at  the 
ordinary  temperature,  but  when  heated  to  redness,  it  fuses  and  burns 
with  a  very  brilliant  white  light,  being  converted  into  lime  (calx).  It 
decomposes  water  at  the  ordinary  temperature.  It  is  lighter  than 
barium  and  strontium,  its  specific  gravit}T  being  1.58. 

CARBONATE  or  LIME  (CaO.C02  or  CaC03),  from  which  all  the  manu- 
factured compounds  of  lime  are  derived,  constitutes  the  different  varie- 
ties of  limestone  which  are  met  with  in  such  abundance. 

Limestones  and  chalk  are  simply  carbonate  of  lime  in  an  amorphous  or 
uncrystallized  state.  The  oolite  limestone,  of  which  the  Bath  and  Port- 
land building-stones  are  composed,  is  so  called  from  its  resemblance  to 
the  roe  of  a  fish  (wov,  an  egg).  Marble,  in  its  different  varieties,  is  an 
assemblage  of  minute  crystalline  grains  of  carbonate  of  lime,  sometimes 
variegated  by  the  presence  of  oxides  of  iron  and  manganese,  or  of  bitu- 
minous matter.  This  last  constituent  gives  the  color  to  black  marble. 
Carbonate  of  lime  is  also  found  in  large  transparent  rhombohedral  crys- 
tals, which  are  known  to  mineralogists  as  calcareuv*  xpar,  calc  spar,  or 
Iceland  spar.  When  the  crystals  have  the  form  of  a  six-sided  prism, 
the  mineral  is  termed  Arragonite.  The  attention  of  the  crystallographer 
has  long  been  directed  to  these  two  crystalline  forms  of  carbonate  of 
lime,  on  account  of  the  circumstance,  that  if  a  prism  of  arragonite  be 
heated,  it  breaks  up  into  a  number  of  minute  rhombohedra  of  calc  spar. 

Carbonate  of  lime  is  a  chief  constituent  of  the  shells  of  fishes  and  of 
eggshells,  so  that,  except  phosphate  of  lime,  no  mineral  compound  has 
so  large  a  share  in  the  composition  of  animal  frames.  Corals  also  con- 
sist chiefly  of  carbonate  of  lime  derived  from  the  skeletons  of  innumer- 
able minute  insects.  The  mineral  gaylussite  is  a  double  carbonate  of 
lime  and  soda  (CaO.CO2,  Na.2O.CO.2.5Aq.),  and  is  scarcely  affected  by 
water  unless  previously  heated,  when  water  dissolves  out  the  carbonate 
of  soda.  Ba^rijto-calcite  is  a  double  carbonate  of  baryta  and  lime  (BaO. 
C0.2,  CaO.COJ. 

LIME  (CaO). — The  process  b}T  which  lime  is  obtained  from  the  car- 
bonate has  been  already  alluded  to  under  the  name  of  lime  burning.  In 
order  that  the  carbonic  acid  may  be  completely  expelled  from  the  car- 
bonate of  lime,  it  is  necessary  that  the  products  of  combustion  of  the 
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Lime-kiln 

of  kiln,  in  which  the   limestone   is   >upp(»rtc<l    upon    an    arch  1-uilt    \\ith 
Hinps  ot'the  stone  al»»ve  the  tin-,  which  i>  k»-|»t   Inirnini:  t'oi 

ami  niirhts,  until    the  whole  of  the  linu-stone  is  Meeompo...-.!. 
Msiuil    test  of  the    qunlilv  of  tin-    lime  thus  ol.taineil    . 
Hprinktin^  it  with  water,  with  which  it  should  Mgtliy  OOmbfoe,  erolriog 
niurh  heat,  swelling  ^n-atly,  ami  eniinlilim;    to  a  li^ht  white   p  .\\.h-r  of 

Lime    which    1-.  this  manner  is 

Icrme.l    l'«t  Inn--  :   \\hiTeas.  if  It   l.e  foiiml   to  slaUe  fiM-l.ly.  l1  Mlice«l 

i   i-  known  to  contain  con-idci  .-il.le  quantities  of  t 

i  as  silica,  alumina,  magnc-  -:ii-l  to   |,t 

A!I.MI  it    contain^    hai-l   cimler-like  mjiases  of  silicate  of  lime. 

fonneil    hy  the   coml.ination    of   the  silica,  which    is    ._rciierall\    fotiml    in 

with    a  pom, m  of  the    lime,  under  the  influence  of  ev  • 
heat  in  the  kiln. 

The  f  lime    is    almiit  twice  as  s«»lul>le   in  cold  as  it   is  in    hot 

.  -^o  that  hint'-tnii.  r  should  |]  -hakin-  -hiked  lime 

with  cold  distilled  water,  which  dis-olxvs   al»out    l-Tuiith 
the  solution  is  allowed  to  -.•;»!••  in  a  clo-ed  l.-.u  :  i>omc 

acid    rapidly  from    the    air.      Cr\sta|sof   h\drateof   lime   ha\  c  I. ecu  oli- 
lain«'d  |.\   c\ap 

Li  \\\    id  •  >    II  «  > .  \ 

•h  in   nature,  hoth    in  the  f..i  m  of   Iran-parent    pn- 
and  iii  iiid  s.-uii  opaque  masses  known  as  </  p 
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It  is  this  latter  form  which  yields  plaster  of  Paris,  for  when  heated  to 
between  300°  and  400°  F.,  it  loses  its  water,  and  if  the  mass  be  then 
powdered,  and  again  mixed  with  water,  the  powder  recombines  with  it 
to  form  a  mass  of  hydrated  sulphate  of  lime,  the  hardness  of  which 
nearly  equals  that  of  the  original  gypsum. 

In  the  preparation  of  plaster  of  Paris,  a  number  of  large  lumps  of 
gypsum  are  built  up  into  a  series  of  arches,  upon  which  the  rest  of  the 
gypsum  is  supported;  under  these  arches  the  fuel  is  burnt,  and  its  flame 
is  allowed  to  traverse  the  gypsum,  care  being  taken  that  the  temperature 
does  not  rise  too  high,  or  the  gypsum  is  overburnt  and  does  not  exhibit 
the  property  of  recombining  with  water.  When  the  operation  is  sup- 
posed to  be  completed,  the  lumps  are  carefully  sorted,  and  those  which 
appear  to  have  been  properly  calcined  are  ground  to  a  very  fine  powder. 
When  this  powder  is  mixed  with  water  to  a  cream,  and  poured  into  a 
mould,  the  minute  particles  of  anhydrous  sulphate  of  lime  (CaO.S03) 
combine  with  2  molecules  of  water  to  reproduce  the  original  gypsum 
(CaO.S03.H2O.Aq.),  and  this  act  of  combination  is  attended  with  a  slight 
expansion  which  forces  the  plaster  into  the  finest  lines  of  the  mould. 

Stucco  consists  of  plaster  of  Paris  (occasionally  colored)  mixed  with 
a  solution  of  size;  certain  cements  used  for  building  purposes  (Keene's 
and  Keating's  cements)  are  prepared  from  burnt  gypsum,  which  has 
been  soaked  in  a  solution  of  alum  and  again  burnt;  and  although  the 
plaster  thus  obtained  takes  much  longer  to  set  than  the  ordinary  kind, 
it  is  much  harder,  and  therefore,  takes  a  good  polish. 

Plaster  of  Paris  is  much  damaged  by  long  exposure  to  moist  air,  from 
which  it  regains  a  portion  of  its  water,  and  its  property  of  setting  is  so 
far  dim  in  is  lied. 

Precipitated  sulphate  of  lime  is  used  by  papermakers  under  the  name 
of  pearl  hardener. 

Chloride  of  calcium  (CaCl.J  has  been  mentioned  as  the  residue  left 
in  the  preparation  of  ammonia.  The  pure  salt  may  be  obtained  by  dis- 
solving pure  carbonate  of  lime  (white  marble)  in  hydrochloric  acid,  and 
evaporating  the  solution,  when  prismatic  crystals  of  the  composition 
CaCl2.6Aq.  are  obtained.  When  these  are  heated  they  melt,  and  at 
about  390°  F.  are  converted  into  a  white  porous  mass  of  CaCl2.2A'q., 
which  is  much  used  for  drying  gases.  At  a  higher  temperature,  fused 
chloride  of  calcium,  free  from  water,  is  left;  this  is  very  useful  for  re- 
moving water  from  some  liquids.  A  saturated  solution  of  chloride  of 
calcium  boils  at  355°  F.,  and  is  sometimes  used  as  a  convenient  bath 
for  obtaining  a  temperature  above  the  .boiling-point  of  water. 

When  hydrate  of  lime  is  boiled  with  a  strong  solution  of  chloride  of 
calcium,  it  is  dissolved,  and  the  filtered  solution  deposits  prismatic  crys- 
tals of  oxychloride  of  calcium,  CaCl2.3Ca0.15Aq.,  which  are  decomposed 
by  pure  water. 

MAGNESIUM. 

Mg"  =  24.3  parts  by  weight. 

197.  Magnesium  is  found,  like  calcium,  though  less  abundantly,  in 
each  of  the  three  natural  kingdoms.  Among  minerals  containing  this 
metal,  those  with  which  we  are  most  familiar  are  certain  combinations 
of  silica  and  magnesia  (silicates  of  magnesia)  known  by  the  names  of 
talc,  steatite  or  French  chalk,  asbestox,  and  meerschaum,  which  always 
contains  water.  Magnetite  is  a  carbonate  of  magnesia.  Most  of  the 
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.  _'iicsiuin    have    :i    remarkably    «.n:i|.y    feel.      The 
compound  M.  which  are  employed  in  medic 

«-it  her  from  t  In-  mineral  dolomite  01  .  u  hi--h  contains 

the  carbonate  of  magnesia  and  cm  •)'  lime.  >»    :Y<.m  ;,i.   -uiphate 

of  magnesia,  which  is  obtained   tV..m  sea-water  an •  I  from  the  vafc 

mineral  -plillgS. 

Metallic  magnesium  \\\\*  ac.piired  some  importance  during  the  last 
few  years  as  a  -  li^ht.     When  tin-  extremity  of  :i  wire  »f  this 

metal  is  heated  in  :i  (lam-  i  liiirns  with  :i  da/./.lin-.:  white 

light,  becoming  converted  Into  magnesia  (fiigO  .     If  the     :minur  wire 

be  plun-_'ed  into  a  Ix.ttK-  of  oxygen,  tli«'  romluM  i..n  is  still  mun-  In  illiant. 
Tlu-  liu'lit  ••niiltr.l  I iy  l-nruing  ma«:n<-situn  is  «-:i|.al.l.-  <>f  imlucinir  ,-h,Miii- 
c:i!  changes  similar *to  those  caused  l.y  -unliLrht,  a  circnnistaii.-,-  tnnu-.l 
to  advantage  for  the  pro'liu-timi  ••!'  |th<>t«>^r;ij.hic  pii-tun-^  l»y  niurlit. 
Attcni|>ts  liave  been  made  to  introduce  ma^ni'sium  as  an  illmninat in-_r 
agent  for  general  purposes,  l»nt  the  large  quantity  <>I  -.ii-l  MCI 

M   its  cuinliii^tioii   lorniN  a   very  serious  obstacle  to   ii«»  n>«-. 
Tin-  metal  is  extracted  from  the  chloride  of  magnesium  (see  p.  1  ! 
fusing  it  with  .sodium.  ii>iiiL,r  chloride  of  x.diuni  and  fluoride  «»f  calcium 
.ii-.i,-  the  fiiMliility  of  the  mass. 

1  .-cale,  mnu". -iuin  may  }«•  j.r«-p:in-(l   l-y  mixing  900  RM.  ol 

inagmv-ium  with   l^jO  gr«   of  rlu-.n.lf  <-:'  i-ul«  iurn.  loridc  of  so. limn. 

and  160  of  .-..ilium  cut  i-         Tin-  uiixtur.-  i-  thrown  int  • 

hot  eartlifti  iTUfildp,  wliich   ;  •••tl.      Wln-n  th 

appears  to  have  terminated,  the  fused  mas.-  i  .  id  an  ir«n  r---l  t->  ; 

tic-   union  of   thf  i^lohulfs  of  mngiU'Mum.      It   is  th.-n  -i  tray, 

!    to  .soliiiity,  Kr-k.-ii  up,  tttxl  the  globules  of  iii.-i^n.-'niiii  s«>parn: 
•lag;  they  may  be  collected  into  one  glot>ul>>  l.y  throw  ito  a  melt' 

:  chlorides  of  magnesium  and  sodium  ttnd  fluoride  of  calcium. 

In  most  of  its  physical  and  chemical  characters  magnesium  resembles 
/inc.  though  its  color  more  nearly  approaches  that  of  silver;  in  ductility 
and    mallealiility  it  also  surpasses  /inc.      It  is  nearly  as   li^ht.  h..v 
M  Cmlciam,  iU(SpecifiC    irravity  !»ein«_r    1.74.      It   fuse-    l,e!  heat. 

and  ma\   !.«•  distilled  like  xine.     Told  water  has  scarcely  any  act  ion  upon 
magnesium;   even  when  boil,-.!  it  oxidi/es  t  lie  metal  \er\  uowlr.     I  n  t  he 
ice  of  acids,  however,  it   i-  rapidly  oxidi/ed  by  water.     Solution  ,,|' 
•  hh»rateof  aminoii;  •.  owing  to  the  tendency  of  the 

magnesium  salts  to  form  double  -alt-  with  th<»e  of  ammonia — 

i   \  II  .IIC1)  +  Mg  =  2(NHrHCl).MgCl,  -f-  H,  -f  2MI 

Magnesium  is  one  of  the  few  elements  which  unite  directly  \\ith  ni 
at  a  hijh    teni|.cratnie.      The  .    \    \l      . 

i  ti'ansj.arent   crystals,  and   is  cviilently  composed    alter   the 
type  2NIIa,  BO  that  it  is  not  surprising  that  tin  i  -.n  n 

i^ncsia  an«l  amnioi,.  ,.  \   M  j         JHO        _' \  1 1 

.   10    well  -     Kp-Miu 

times  plcj.aie.l  by  cal.-in:  i.  \\a-hin^ 

iinl  magnesia  uit !,  icino\c  | 

the  lime,  and  treating  it  with  snip!  .  -nvcrtx  the  lin 

magne  almo-t     in- 

soluble   in  \\atrr.  it  i>  readil\  I    t'lom  the  Idlpbat 

which    pftMM  IntO  tO6  Solution,  an  -ration  ii 

DDOaittoO  ;.      The    prepa- 

-ea-water  has  already  been   alluded    to   (p. 
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296).  In  some  parts  of  Spain,  sulphate  of  magnesia  is  found  in  large 
quantities  (like  nitre  in  hot  climates)  as  an  efflorescence  upon  the  surface 
of  the  soil.  This  sulphate  of  magnesia,  as  well  as  that  contained  in 
well-waters,  appears  to  have  been  produced  by  the  action  of  sulphate  of 
lime,  originally  present  in  the  water,  upon  magnesian  limestone  rocks ; 
MgO.CO.,  4-  CaO.SO3  =  MgO.SO3  +  CaO.C02. 

The  water  of  constitution  in  the  sulphate  of  magnesia  may  be  dis- 
placed by  the  sulphate  of  an  alkali  without  alteration  in  its  crystalline 
form;  a  double  sulphate  of  magnesia  and  potash  (MgO.SO^KjO.SO^ 
6Aq.),  and  a  similar  salt  of  ammonia  (MgO.SO;!,2NH.(.H,0. 80,^6 Aq.j, 
may  be  thus  obtained.  The  mineral  polyhalite  (-<dbs,  many,  «'/?,  salt) 
is  a  remarkable  salt,  containing  MgO.8O8,K3O.SOs1  2(CaO.SO3),2H20.1 
Water  decomposes  it  into  its  constituent  salts. 

The  preparation  commonly  used  in  medicine  under  the  name  of  mag- 
nesia, is  really  a  basic  carbonate  of  magnesia,  or  a  compound  of  carbon- 
ate of  magnesia  with  hydrate  of  magnesia  and  water  in  the  proportions 
expressed  by  the  formula,  3(MgO.CO.,).MgO.H,O.8Aq.  It  is  obtained 
by  mixing  boiling  solutions  of  sulphate  of  magnesia  and  carbonate  of 
soda,  when  one-fourth  of  the  carbonic  acid  is  expelled  in  the  state  of 
gas;  the  white  precipitate  is  thrown  upon  a  cloth  strainer,  well  washed, 
and  dried  in  rectangular  moulds. 

Another  process  for  preparing  carbonate  of  magnesia  consists  in 
heating  magnesian  limestone  to  low  redness,  so  as  to  decompose  the 
carbonate  of  magnesia  which  it  contains,  and  exposing  it,  under  pres- 
sure, to  the  action  of  water  and  carbonic  acid,  which  dissolves  the  mag- 
nesia and  leaves  the  carbonate  of  lime.  On  boiling  the  solution,  to 
expel  the  excess  of  carbonic  acid,  the  carbonate  of  magnesia  is  precipi- 
tated. 

By  moderately  heating  the  carbonate  of  magnesia,  its  water  and  car- 
bonic acid  are  expelled,  and  pure  or  calcined  magnesia  (MgO)  is  left, 
which  is  very  slightly  soluble  in  water  and  feebly  alkaline. 

The  mineral  periclase  consists  of  magnesia  in  a  crystallized  form. 
Magnesia  combines  with  water  to  form  a  hydrate  (MgO.H20),  but  not 
with  evolution  of  heat,  as  in  the  cases  of  baryta,  strontia,  and  lime. 
Crystallized  hydrate  of  magnesia  constitutes  the  mineral  brucitr.  Mag- 
nesia, like  lime,  is  remarkable  for  its  infusibility. 

It  has  recently  been  noticed  that  calcined  magnesia,  when  mixed  with 
water,  solidifies  after  a  time  into  a  very  hard  compact  mass  of  hydrate 
of  magnesia  (MgO.H2O),  and  may  serve,  like  plaster  of  Paris,  for  taking 
casts.  Dolomite  calcined  below  redness  also  sets  to  a  very  hard  mass 
with  water. 

The  phosphate  of  magnesia  (3MgO.P.,05)  enters  into  the  composition 
of  bones,  and  the  phosphate  of  mu<jin>*in,  find  ammonia  (2MgO.2NHg. 
H2O.P2O3),  or  triple  jjhosphate,  is  found  in  calculi  and  in  the  minerals 
guanite  and  struvite. 

Borate  of  magnesia  composes  the  mineral  boracite  ;  hydroboracite  is  a 
hyd rated  borate  of  lime  and  magnesia. 

Serpentine  and  olivine  are  silicates  of  magnesia  and  protoxide  of  iron. 
Some  of  the  varieties  of  serpentine  are  employed  for  preparing  the  com- 
pounds of  magnesia,  for  they  are  easily  decomposed  by  acids  with  sepa- 
ration of  silica. 

Pearl-spar  is  a  crystallized  carbonate  of  lime  and  magnesia. 


1  Polyhalite  and  kieserile  MgO.SOj,  HjO  are  found  in  the  salt-beds  of  Stassfurth. 
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Chl«  D(    as    til.'    source  of    iiu-tallie 

i.      It    i-   ea-ii-  .'ion  by  unit  rali/.in<:   h\  dro.-hloi  ic 

ith  magnesia  •  •  '<•.  l"it  if  this   solution 

in  tin-   ilry  ehlorid.  'Me  «piantity  of  the  salt 

..!'   the    .  ii.  leaving 

much  negneeia  mb^  with  the -chloride  (MgCI     \\  \>    -Jlh 

This-i  nted  i.\  mixing  the  eolation  with  three 

parts  of   h\droehlorate  of  ammonia  for  6 V6r|    part  of  magnesia,  when  :i 

double  salt  BgJEIOl  ie  formed,  which  mi  iporate.i  t..  dr\- 

neM  without  decomposition,  and  i«-a.  .  i.i-.ii-h-  «.f  n.aj: 

w  hen  1'urt!  i.  the    hxdrorhlora1  .li/.cd. 

,loiidc  oi  mi  absorbs  moisture  MT\   rapi«ll\   lV"iu  \ 

an<l  U  MTV  soluliU-  in  «ati-r.      I.ikr  all  tin-  s..lu!,l«-    salts  of  ina^iic.-iiiiii. 
it  has   a   decidedlY  bittei  \Vln-u    magnesia   is    moi>t, -n.-.l  wi!h   a 

strong  solution  of  chlori-lr  of  m:ti:iic-«iiiiii.  DtO  a  hanl  B*M  likr 

plaster  of  Paris,  appan-ntly  from  tin-  f..niiati«ui  of  an  o\y(-hl<.rhl. 

It    may  In-    iiii\r<l    with    soM-ral    times   its  \v»-i-ht    of  -aii-l.  an-l 
will  liind  it  firmly  together. 

198.  General  Review  of  the  Metal*  of  tl-  Uarimu, 

-tronliiim.  cah-ium,  and    ma^iir-siiim  f-Tm    a    highly    iutcri--t  HILT   nalural 
jrnui|i  of  iiH-tals  n-lati-d  to  each  other   in   a   n  rkat-K-  manner. 

>  \hil»it  a  marked  «^radati«»n  in  their  attraeiion  n  .  l.arium 

i^  more  readily  tarnished   <>r  oxidi/«-d.  evj-n    in    dry  air.  than  .strontium, 
•ad  eUonthim  more  readily  than    calcium;    whilst  roagn-  not  At 

all    aflected    l'\  dry  air,  and   is   c-oinpai  at  i\  ely  N|<»\N|\   tarnish- 
m«»i^t  air.     Again,  the  three  tir>t  m«-tal-   deeomjM.-«'  water  at    th- 
nary  '  >iiiliinin«:  with  its   oxygen  and  liheratini:  the  lixdro- 

-fii.  hut  maizne>ium  rcipiiri's  the  aid  of  heat  to  eilect  thi>  dei-oiujM. 
The  oxide-  .if  the  metal"  exhibit  a  similar  gradation  in  pn.pert  ies ;  ba- 
ryta, 8trontia.  and  lime  coml-ine  \\ith  wat«-r  very  energetically  with  -it  at 
evolution  of  heat,  whilst  in  the  case  of  magnesia  no  rise  of  t  em  pci  at  me 
is  observed  ;    the   hydrate   of  (foei    ii"t    I"-'1    it-    \\ater.    howexer 

Strongly  it    may  I.e    heated,  \\hereas   the    h\diat.-   of  "troutia    ami  lime 

oompoeed  at  a  red  heat,  and  hydrate  of  magnesia  even  at  a  1-. \\.-r 

'attire.      Then  Indrate   of  baryta   and  hydrate  of  Mrontia 
more  M.luble  in  water  than    hxdrate   of  lime  (\\hieh   raqoiret    al-oiit  7<»il 
parts  of  water  to  di-s,,l\,.  it  .  and  all  the.sr  three  exhibit  a  MTV  <l 

•n.  which  entitles    them  to  the    name  of  a 
but  hydrate  of  magnesia  reijuire-  about  :;mm  part-  ..i'  water  to  dissolve 

I  is  SO  feebly  alkaline,  that   it  mi^ht    even  be  fairly  cla»cd    amon^ 

pOQHdl    "f  these    inetaU.  the   sulphate-    n 

named  a»  presenting  a  gradation  of  a  similar  de-<  i  ipti<»n ;  f«r  Milphate 

ii-«'|ubk«  in  water,  -ulphate  of  ntrontia  di-»- 
!,  -nlphate  of  lime    i"    rather  more   soluble, 
and   the  sulphate  of  magnesia  is   rerj  r.-adiJ\ 

will   be  seen  he:  ,1   the   -ulpliat. 

•  lubility  it,  in  this    re-, 

:,«T  in  whi<-h  t !  ,!-  are  a-- 

without  il.s   si-:  M<!  in  the    -ame  inin- 

eial.  they   willn-uall\    be    t  hose  w  hi.-li    stand  next    t<i    eae.i  other    in    the 

.ibonateof  -tmntia    is    found  together  with    cai'b.u: 
i  in  withcrite,  whil-t  carbonate  of  lime   is  asso.  laled  with  tl 
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phate  of  strontia  in  celestine.  Again,  carbonate  of  strontia  is  often 
found  with  carbonate  of  lime  in  arragonite,  and  the  carbonate  of  mag- 
nesia occurs  with  carbonate  of  lime  in  dolomite. 

199.  Equivalent  and  Atomic  Weights  of  Barium,  Strontium,  Calcium, 
and  Magnesium. — The  analysis  of  chloride  of  barium  has  proved  it  to 
contain  08. 5  parts  by  weight  of  barium,  combined  with  1  eq.  (35.5 
parts)  of  chlorine  ;  whence  the  equivalent  of  barium  is  accepted  as  68.5. 
In  a  similar  manner,  that  of  strontium  has  been  fixed  at  43.8,  that  of 
calcium  at  20,  and  that  of  magnesium  at  12;  so  that  here,  as  in  the 
group  of  alkali-metals,  the  equivalent  numbers  decrease  with  the  dimi- 
nution of  the  electropositive  character  in  the  metals. 

Relation  between  Specific  Heats  and  Equivalent  Weights  —  Atomic 
Heats. — Since  the  specific  volumes  of  the  vapors  of  these  metals  have 
not  been  ascertained,  recourse  is  had  to  their  specific  heats  in  order  to 
ascertain  their  atomic  weights.  It  will  be  remembered  that  the  specific 
heat  of  a  substance  is  the  quantity  of  heat  required  to  raise  it  1°  in 
temperature  as  compared  with  the  quantity  of  heat  required  to  raise  an 
equal  weight  of  water  1°;  or,  more 'concisely,  the  quantity  of  heat  re- 
quired to  raise  one  part  by  weight  of  the  substance  1°  (referred  to  water 
as  the  unit). 

Thus,  the  specific  heats  of  potassium,  sodium,  and  lithium  are,  respec- 
tively, 0.1696,  0.2934,  and  0.9408  ;  these  numbers  representing  the  rela- 
tive quantities  of  heat  required  to  raise  one  part  by  weight  of  each  of 
these  metals  1°  in  temperature,  supposing  that  an  equal  weight  of  water 
would  be  raised  1°  by  a  quantity  of  heat  expressed  by  one.  No  simple 
relation  can  be  traced  between  these  numbers,  but  if  the  quantities  of 
heat  be  calculated  which  are  required  to  raise  equivalent  weights  of 
these  elements  1°.  the  case  will  be  different. 

If  0.1096  be  the  quantity  of  heat  required  to  raise  one  part  by  weight 
of  potassium  1°;  0.1690  X  39,  or  6.61,  will  represent  the  quantity  of 
heat  required  to  raise  39  parts  (1  eq.)  of  potassium  1°.  In  the  same 
way,  0.21)34  X  23,  or  6.75,  is  the  quantity  of  heat  required  to  raise  23 
parts  (1  eq.)  of  sodium  1°  ;  and  0.9408  X  7,  or  0.59,  is  the  quantity  re- 
quired to  raise  7  parts  (1  eq.)  of  lithium  1°.  Allowing  for  experimental 
error  in  the  determination  of  the  specific  heats,  these  numbers,  (!.01,  b.75, 
and  6.59,  may  be  regarded  as  representing  the  same  quantities  of  heat. 
Since  the  atomic  weights  of  potassium,  sodium,  and  lithium  are  ex- 
pressed by  the  same  numbers  as  their  equivalent  weights  (see  p.  308), 
the  numbers,  0.61,  6.75,  and  6.59,  would  represent  the  atomic  heats  of 
these  metals,  that  is,  the  relative  quantities  of  heat  required  to  raise  an 
atom  of  each  1°  in  temperature. 

The  atomic  heat,  therefore,  which  is  common  to  these  three  metals, 
may  be  represented  by  the  mean  of  the  three  numbers,  or  6.65. 

The  experiments  which  have  been  made  to  determine  the  specific 
lu-uts  of  those  elements  which  can  lie  obtained  in  a  similar  physical 
condition,  lends  strong  support  to  the  belief  that  the  atomic  heats  of 
all  elements  belonging  to  the  same  group  are  identical,  and  even  hold 
out  a  prospect  of  the  identity  of  the  atomic  heats  of  a  great  majority 
of  the  elementary  bodies. 

A  similar  relation  has  been  observed  between  the  atomic  heats  of 
compound  bodies  belonging  to  the  same  group;  thus,  if  the  specific 
heats  of  the  chlorides  of  potassium,  sodium,  and  lithium  be  multiplied 
by  the  atomic  weights  of  those  chlorides,  the  product  in  each  case  will 


AI.CMINOM. 
appn  |  If  these  chloi  lowed 

fa    of    thril-   eolistitlK  !'|)OSed 

an-  identical,  the  half  t,f  this 
number  (or  »',.:;4  '  should    represent  the  atomic  heat  i,f  the  alkali-metals. 

t,  it  does  iicarlx   coincide  with  that   numb- 

The  specific    heats  of  barium.  >t rout iuin.  an<l   calcium    have    not  been 
lined,  and    therefore  their  atomic    heats   cannot   be   <ln  eel  lv  ascer- 
tain.-; mil.  however,  is  »i.iM'.'!!.  ;ind  if  the 
atomi                    .f  this  metal  were  identical   \\itli  its  eqm\  al.-nt  ill'),  its 

I    l.y  the   niimlicr  ii  :   Imt    if  ihc  atomic 

regarded  as   donl.h-   the   e.juivaK-nt.  ..r   Jj.ihe  atomic  heat 
\ulli  :i  nuinl-er  more  nearly  a|i|>roachini:  to  the  ., 

beats  <>f  the  alkali-metals.     This  is  one  reason  for  sup(x>sing  that   the 
atomic  weight  of  inai:ne-iiini  is  real  l-\   i'l. 

The  >jieci!ic  heats  of  tin-  chlori<le>  of  l.arium.  >tronliuui.  calcini: 
majpiesiiint    have    lu-en    a>certaine«l   to    l.e  represented    l«\   the   nnniliers 

D,  0.1180,  0.1686,  und  O.l9t01  retpeettvaly.     Now,  if  the  atomic 

Ul  of  tbeM    metal-    I.e  reLrarde<l    as  idciit  ic-al  u  ith   their  »-«|iii\  aU-nt 
\\i-inlit-.  the    atomic   lu-ats    «.f  tlie    chlorides,   obtained    by    multiplyiiii; 

-   iht«.  tlu-ir  specil'h-  lu-ats.  would   bee\  \>\  the 

mean  numl>er  9..'>i'i.  and  if  this  be  divided  \>\  '2  (the  presumed  uum- 
atoms  in  each  chloride),  it  would  -  for  the  atomic   heat  of  each 

of  the  elements  of  the   compound,  a   number  which   exhibits  no   simple 
relation   to   the    atomic    heat    of  magnesium,  or   to  those  of  the  alkali- 
If  it  be  suppoM.(|.  I,,  • -m  of  barium,  slroiitinin, 

calcium,  or  magnesium,  really  represents  two  equivalents,  so  tha: 
chloride  contains  three  elen  ..f  chlorine    and   - 

metal),  the  atomic    weight   of  each  of  the   chlorides   \\nuld    be  doubled. 

luently.  the   atomic  heat   \\oiild  be    twice  that   -jiven  ab, 
lx.TJ.      Dividing  this  by  :;.  tin-   pre.sunu-«l  number  of  atoms  in  the  chlo- 
ride, we   obtain  the   number  •;.•_'!    for    the   atomic   heat   of  each    of   the 
elements,  which  agrccsvery  well   with    that    direct  ly  obtained    for  mag- 
nesiuin  and  the  alkali-m. 

The  metals  barium,  strontium,  calcium,  and  magnesium,  therefore, 
are  generally  regarded  as  bi-e.|ui\  alent  m- diatomic  elements,  one  atom 
of  each  occupying  the  place  of  two  atoms  of  hydrogen. 


ALUMINUM, 

Al"'  =  27.6  parU  » 

Aluminum    is  the  representative   of  the  class  of  metaU   usually 
styled  /-.  an  I    including  also  glueiniim.  t  hori- 

IHMII.   yttrium,    /.irconium.    erbium,    terbium,    cerium,    lanthanium.  and 
did.Miiiiim:    but  of  th.-se.  aluminum  is  theojdy  metal    havinur  any  claim 

the  -jroimd  of  its  practical  importa: 
Aluminum   is   distinguished    amoni:   metal".  | 

It!  immense  abundance  in  the  solid  mineral  portion 

of  the  earth,   to    which.  -t    eiitiivlv  confined,  for   it    is 

uiimals    i  ill    quantity    that    it    can 

•1  as  fonuiii'_r  ««i f  t  heir  ni 

.-.   u  bleb  'll\    toriiied   the 

basiso'  .iv  of  the  -|ol,e,  is  that   knov. 
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is  a  mixture,  in  variable  proportions,  of  quartz,  feldspar,  and  mica, 
tinged  of  various  colors  by  the  presence  of  small  quantities  of  the  ox- 
ides of  iron  and  manganese. 

Quartz,  which  forms  the  translucent  or  transparent  grains  in  the  gran- 
ite, consists  simply  of  silicic  acid  ;  feldspar,  the  dull  cream-colored 
opaque  part,  is  a  combination  of  that  acid  with  alumina  and  potash, 
and  is  generally  spoken  of  as  a  double  silicate  of  alumina  and  potash, 
its  composition  being  represented  by  the  formula  K,O.3SiO,.Al.,0.roSi02. 

Mica,  so  named  from  the  glittering  scales  which  it  forms  in  the  gran- 
ite, is  also  a  double  silicate  of  alumina  and  potash,  but  the  alumina  is 
very  frequently  displaced  by  sesquioxide  of  iron,  and  the  potash  by 
magnesia. 

By  the  long-continued  action  of  air  and  water,  the  granite  rock  is 
gradually  crumbled  down  or  disintegrated,  an  effect  which  must  be  as- 
cribed to  a  concurrence  of  mechanical  and  chemical  causes.  Mechani- 
cally, the  rock  is  continually  worn  down  by  variations  of  temperature, 
by  the  congelation  of  water  within  its  minute  pores,  the  rock  being 
gradually  split  by  the  expansion  attendant  upon  such  congelation. 
Chemically,  the  action  of  water  containing  carbonic  acid  would  tend  to 
remove  the  potash  from  the  feldspar  and  mica  in  the  form  of  carbonate 
of  potash,  whilst  the  silicate  of  alumina  and  the  quartz  would  subse- 
quently be  separated  by  the  action  of  water  ;  the  former,  being  so  much 
lighter,  wrould  be  soon  washed  away  from  the  heavy  quartz,  and,  when 
again  deposited,  would  constitute  clay. 

Although  clay,  therefore,  always  consists  mainly  of  silicate  of  alumina, 
it  generally  contains  some  uncombined  silicic  acid,  together  with  vari- 
able quantities  of  lime,  of  oxide  of  iron,  &c.,  which  give  rise  to  the  nu- 
merous varieties  of  clay. 

Composition  of  Clay. 


Chinese  Kaolin. 

Fire-clay. 
(Stourbridge.) 

Pipe-clay. 

Silica,  
Alumina 

50.5 
33  7 

64.1 
23  1 

68,7 

32  0 

\V  liter,     
Oxide  of  iron 

11.2 
1  8 

10.0 
1  8 

12.1 
1  4 

Lime 

0  4 

Magnesia,      
Potash,  "1 

0.8 
1  9 

0.9 

Soda,     / 

99.9 

99.9 

99.6 

The  silicate  of  alumina  also  constitutes  the  chief  portion  of  several 
other  very  important  mineral  substances,  among  which  may  be  men- 
tioned slate,  fuller's  earth,  and  pumice-stone.  Marl  is  clay  containing 
a  considerable  quantity  of  carbonate  of  lime.  Loam  is  also  an  impure 
variety  of  clay.  The  different  varieties  of  oclire,  as  well  as  umber  and 
sienna,  are  simply  cla}Ts  colored  by  the  oxides  of  iron  and  manganese. 

ALUM,  which  is  the  chief  compound  of  aluminum  employed  in  the 
arts,  is  always  obtained  either  from  clay  or  slate,  but  there  are  several 
processes  by  which  it  may  be  manufactured. 
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it     ill    \\liirll    pipe-i  !   ,      . 

on,  is  cnl  -.nd  heated 

<>it  tin-  hearth  of  :i  R  .Hi  halt'  its  weight  of  siilphu- 

.-I.  until  it  becomes  a  still'  partis  which  is  then  exposed  to   air  for 

week-.      iMirini;   tiii-   time  tin-  aliiiiiiiiM  |    into 

combination  with  tin-  sulphuric  acid  t«.  form  sulphate  of  -.\hich 

I  l.y  wa-hinur  the-  mass  will,  hen  tin-  >ulpl. 

alumina  d:--"!\es.  ami  tin-  i,  -till  retaining  a  por- 

timi  of  th»-  alnn  When  the  solution  containing;  the  >ulphate 

i  to  a  syrupy  •  e  ami  al!  ..o|.  it 

solidi:  awhile   crystalline  mass,  which  is   useil  l.y  d\eis   under 

the   ei;  '/nut.  or  .  .  ntains 

per  c»Mit.  «•!'  the  dry  salt.     The  .sulphate  of  alumina    can  !•«• 
•  I  in    ci-\-ials   c..ntaining  Al1Or3SOr18Aq..  Itut  there 
eial.le  iliiliculty  in  obtaining  these  crystals  on  account  of  the  extreme 
solubility  of  tin-   salt.      It  is  on  account  of  this   circumstance   that    the 
.sulphate  of  alumina  is  usualh  .-•!  into  alum,  which  a<ln 

vstalli/atinn  and  purification.     In<>r<leri  '.pliate 

of  alumina   into  alum,  it.s  solution   is   mixed  with   sulphate  <>f  | 
\\  hen.  l»y  suitable  evaporation,  l.eautil'ul  octahedral  crystals  ai  • 
having  the  composition  .\M>..i^o.K  A.J. 

Alum  i-  n  ;ieral  term,    i 

which  silicate  of  alumina,  together  with  a  considerable  ipianlity 

of  lincl\  di\  ided  iron  pyrites  and  some  bituminous  matter.     This  >h:ile 

:-i'ly  broken    up.  anil    built    into    hm;^    pyramidal    heap-, 
with  alternate  layers  of  coal,  unl<  .ale  should  happen  to  contain 

•  amount  of  bitumen.      The- 

places,  and  are  partly  smothered  with  S|,,MM  on  in  i-nler  to  pre\ent  too 
great  I  During  this  slow  roasting  of  the  heap,  the 

iron  \<  mm  half  its  sulphur,  which  is  converted  by  burning 

into  sulphurous  acid  (SO,),  and  this,  in   contact  with  the  porous 
and    the    annosphn  .  i  ecoines    convened    into    sul|>hun< 

15).      This   latt.  .mbines  with  the    alumina  i 

phate  of  alumina.      The  roasted  heap  is  then  all..\\ed  to  remain  fol 
inontL  !  to  the  air.  and  moistened  fr-.m  tune  to  time,  in  order  to 

promote  the  absorption  of  oxygen   by  the  sulphide  of  iron 

:<>n  into  >nlp'  The  he.;  >\ar.|s 

r,  which  dissolves  out  the  sulphates  of  aluini: 

ther  with  some  sulphate  of  ma  iiich   ha- 

formed  in  '  -s.      When  tin 

:  _re  .[uantity  of  sulphate  of  iron  (urccn  vitri". 
•1  the  licpiid  from  which  th«  .  paraled  is 
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'    has    si,  .,  Id    the    . 

i-siuiii  is  obtained  as  soap-boih-r's 

waste, and  as  tl  .  The 

sulph  I  li-lt   in  the   solution  is  decomposed  by  the   chloride 

•:i--ium.  \t  iron    and  siilphv  :i^h.  \\hich 

'ilphate  of  alumina  to  form  alum.      If  there  be  much 

_;nexia  in  the  li.pior,  it  is  aubsequrntly  obtain 

W  here  sulphate  of  ani iii "in  in  the 

•»f  gas-works),    it    is   very   commonly   substituted    for  the 
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alum.  The  former  is  similar  in  all  respects  to  the  latter  salt,  except  that 
it  contains  the  hypothetical  metal  ammonium  (NH4)  in  place  of  potas- 
sium, and  its  formula  is,  therefore,  Al,0.r3SO.s,  (NH4)2O.S03.24Aq. 

For  all  the  uses  of  alum,  in  dyeing  and  calico-printing,  in  paper- 
making  and  in  the  manufacture  of  colors,  ammonia-alum  answers  quite 
as  well  as  potash-alum,  and  hence  both  these  salts  are  sold  under  the 
common  name  of  alum. 

These  alums  are  the  representatives  of  an  important  class  of  double 
sulphates,  composed  of  a  sulphate  of  one  of  the  alkalies  combined  with 
the  normal  sulphate  of  a  sesquioxide.  They  all  contain  24  molecules  of 
water  of  crystallization,  and  their  crystalline  form  is  that  of  the  cube  or 
octahedron. 

When  a  solution  of  alum  is  mixed  with  a  little  solution  of  carbonate 
of  soda,  a  precipitate  of  alumina  is  formed,  which  redissolves  when  the 
solution  is  stirred.  If  the  addition  of  carbonate  of  soda  be  continued 
as  long  as  the  precipitate  redissolves  when  stirred,  the  salt  A1203.SO3 
will  remain  in  the  solution — 

A1203.3S03,  K2O.S03     +     2(Na2O.C02)     =    A1203.S03     + 
2(Na,O.SO,)     +     K.,6.S03     -f     2C02. 

This  solution  of  basic  ahun,  as  it  is  called,  is  decomposed  by  boiling, 
alumina  being  deposited  and  ordinary  alum  remaining  in  solution — 

3(AlaOs.SOs)     +     KaO.SOg    =     2A1203     +     A1203.3S03,  K2O.S(X. 

When  stuffs  are  immersed  in  the  solution  of  basic  alum  thejT  also  with- 
draw a  portion  of  alumina,  which  becomes  fixed  in  their  fibre,  and 
serves  as  a  mordant  to  attract  and  fix  the  coloring  matter  when  the 
stuff  is  transferred  to  a  dye-bath. 

Alumina. — When  ammonia-alum  is  strongly  heated,  it  loses  the  whole 
of  its  water,  ammonia.1  and  sulphuric  acid,  leaving  merely  a  white  in- 
soluble earthy  substance,  which  is  alumina  itself  (A1..0.J,  and  differs 
widely  from  the  metallic  oxides  which  have  been  hitherto  considered, 
by  the  feebly  basic  character  which  it  exhibits.  Not  only  is  alumina 
destitute  of  alkaline  properties,  but  it  is  not  even  capable  of  entirely 
neutralizing  the  acids,  and  hence  both  sulphate  of  alumina  and  alum  are 
exceedingly  acid  salts. 

Pure  crystallized  alumina  is  found  in  nature  as  the  mineral  corundum^ 
distinguished  by  its  extreme  hardness,  in  which  it  ranks  next  to  the 
diamond.  An  opaque  and  impure  variety  of  corundum  constitutes  the 
very  useful  substance  emery.  The  ruby  and  xappkire*  consist  of  nearly 
pure  alumina ;  upinelle  is  a  compound  of  magnesia  with  alumina, 
MgO.Al203;  whilst  in  the  topaz  the  alumina  is  associated  with  silica 
and  fluoride  of  aluminum.  The  mineral  diaspore  is  a  hydrate  of  alumina 
(A1203.2H20),  so  named  from  its  falling  to  powder  when  heated 
dispersion). 


1  The  great  absorption  and  disappearance  of  heat  during  the  evaporation  of  the  water  and  ammo- 
nia from  this  alum,  has  led  to  its  employment  for  filling  the  space  between  the  double  walls  of  fire- 
proof safes,  which  may  become  red-hot  outride,  whilst  the  inside  is  kept  below  the  scorching-point 
of  paper. 

3  Small  crystals  of  alumina  resembling  natural  sapphire  have  been  obtained  by  the  action  of  vapor 
of  fluoride  of  aluminum  upon  boracic  acid  at  a  high  temperature.  By  adding  a  little  fluoride  of 
chromium,  crystals  similar  to  rubies  and  emeralds  have  been  produced. 

21 
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The  artifi- 

pearance.     If  a  littl-  alum 
• 

itltniim  .  will  unit.-  with  w:it<-r  t»  form  H  i<*  maM  of  1 

of  alumina  (A).1  '  n    washed  and  .rink*   v.  : 

forms  a  mau  resembling  gin.  ydratu  of  alumina  has  a  great  a: 

moat  i  •    t<>rms  insoluble  c- 

:          f  a  solution  of  ftlam  1  >fjwood,  and  alit 

mi  will  form,  with  the  coloring  matter,  a  purj. 

take,  which  may  be  filtered  off,  leaving  the  solution  colorless.     Th.-    pr-  : 
turned  to  advantage  in  calico-printing,  where  the  compounds  of  alumina  are  largely 
lifted  as  mordants. 

Chloride  of  .'  /(.—If  the  alumina  obtained  l.y  calcining  am- 

monia-alum be  intimately  mix*-*!  with  charcoal,  and  strong';  • 
an  earthen  tube  or  retort  through  which  a  stream  <>f  "••!!  dri.-d  chlorine 
is  passed,  the  oxygen  of  the  alumina  is  a!  '.areoal,  to 

form  oxide,  whiNt   the   chloi  .  with  the  aluminum, 

M-j  chloride  of  aluminum  (Al.ClJ  which  passes  oil'  in  vapor  an.l 
may  be  condt -use ••!.  in  an  appropriate  receiver,  as  a  white  crystalline 
solid— 

Al,0,    +     C,    +      Cl,    =     A1,C1.    +     3CO. 

This  formation  of  the  chloride  of  aluminum  is  possessed  of  sonic  in- 
terest as  au  example  of  the  decomposition  of  a  compound  !-.d\  l.y  • 
o|>eration  of  two  elements,  neither  of  which  alone  would  1  «•  decom- 

pose the  compound;  neither  carbon  nor  chlorine  would,  alone,  deoom- 
pose  alumina.  \^\i  the  temperature,  l.tit  when  the  all 

the  carl»on  for  the  oxygen  i-  added  to  that  of  the  chlorii  alumi- 

num, the  --nsily  effe< 

An  impure  solution  of  chloride  of  aluminum  is  sold  as  a  disinf. 
under  the  name  of  «•///• 

Hut  thi^  chloride  of  aluminum  also  dese:  :iti<>n  as  being  the 

source  from  which  the  metal  aluminum  mav  be  prepared  in  large  <pian- 

201.  In  order  to  obtain  this  interesting  metal,  it  is  only 

neoessaix   to   pa->   the   chloride  of  aluminum   in  the 
heated  sodium,  which  removes   tin-   chlorine    in    tin-  form  of  chloride   of 

M.  leaving  the  aluminum  as  a  white  malleable  metal,  ab- • 

.and  fusing  at  a  somewhat   lower  temperat  in  • 

the  ex1  --f  aluminum  upon  the  large  scale,  the  alumina  i-  not  pre- 

pared  from  alum,  but    from    the  mineral  known    a^   i  v.hieli  con- 

tains alomina,  together  with  peroxide  of  iron  ai  ninerml 

•Mth  soda  ash  18),  "hen  carbon, 

tea  and  alumina  couibii  rn  -ilicate  of  s<,da,  and  a 

soluble  compound  of  alumina  with  >oda,  which  is  ^enerriUy  called 
note  of  soda,  and  has  the  compositioi  On   •      MI -the 

mass  with  water, an  insolubl*  ••I'ai'inui  >  >-  lei't.  whiUt 

imiiiate  of  soda  is  dissolve;  it  an  inf 

ThiH  alurninate  of  soda  i>  la 

by  call  r-8  a«a  m«  '-tain  alumina  from  it.  the  -.lutioii 

••  ;th    h\di  .iiverK   the   s.,diuiii  into 

iluminaas  hyd.  .mina  i  A  1  <  »  .  .11  0). 

I  U  found  >t  Raui,  n«-«r  \  .nth  of  Franc*,  and  contain*  Bilic*  IS  to  17  j>or 

roxtdeoriron4to8,  wat. 


MINERALS    CONTAINING    ALUMINA    AND    SILICA.  323 

As  the  next  step  towards  the  preparation  of  aluminum,  the  h^ydrate  of 
alumina  is  mixed  with  charcoal  and  common  salt,  made  up  into  balls, 
dried,  and  strongly  heated  in  earthen  cylinders  through  which  dry 
chlorine  is  passed.  The  carbon  abstracts  the  oxygen  from  the  alumina, 
forming  carbonic  oxide,  whilst  the  aluminum  combines  with  the  chlorine, 
and  the  chloride  of  aluminum  so  formed  combines  with  the  chloride  of 
sodium,  and  distils  over  as  the  double  chloride  of  aluminum  and  sodium 
(Al2Cl6.2NaCl).  This  salt  is  then  mixed  with  a  proper  proportion  of 
metallic  sodium,  and  heated  in  a  reverberatory  furnace,  when  the  sodium 
combines  with  the  chlorine  of  the  chloride  of  aluminum,  leaving  the  latter 
metal  to  separate  in  a  fused  state  beneath  the  melted  chloride  of  sodium, 
which  protects  it  from  oxidation.  The  aluminum  may  be  rolled  into 
sheets  or  drawn  into  wire.  Commercial  aluminum  has  been  found  to 
contain  from  3  to  7.5  per  cent,  of  iron.  Silicon  is  also  present  in  it,  as 
much  as  14  per  cent,  having  been  found  in  one  sample. 

Aluminum  is  much  more  sonorous  than  most  other  metals.  A  bar  of 
it  suspended  from  a  string,  and  struck  with  a  hammer,  emits  a  clear 
musical  sound.  It  is  remarkable  as  being  the  lightest  metal  capable  of 
resisting  the  action  of  air  even  in  the  presence  of  moisture.  Its  specific 
gravity  is  2.5.  This  lightness  renders  it  valuable  for  the  manufacture  of 
small  weights,  such  as  the  grain  and  its  fractions,  since  these,  when  made 
of  aluminum,  are  more  than  three  times  as  large  as  when  made  of  brass, 
and  nearly  nine  times  as  large  as  platinum  weights  of  the  same  denomi- 
nation. It  is  also  employed  for  ornamental  purposes,  for  though  not  so 
brilliant  as  silver,  it  is  not  blackened  by  sulphuretted  hydrogen,  which 
so  easity  affects  that  metal  (p.  229). 

Another  characteristic  feature  of  aluminum  is  its  comparative  resist- 
ance to  the  action  of  nitric  acid  even  at  a  boiling  heat.  No  other  metal 
commonly  met  with,  except  platinum  and  gold,  is  capable  of  resisting 
the  action  of  nitric  acid  to  the  same  extent.  Hydrochloric  acid,  how- 
ever, which  will  not  attack  gold  and  platinum,  dissolves  aluminum  with 
facility,  converting  it  into  chloride  of  aluminum,  with  disengagement  of 
hydrogen  ;  A12  -f  6HC1  =  A12C16  +  H6.  Solutions  of  potash  and  soda  also 
easily  dissolve  it,  forming  the  so-called  aluminates  of  those  alkalies ; 
thus  3(Na2O.H20)  +  A12  =  3Na;2O.Al2Os  +  H6.  Even  when  very  strongly 
heated  in  air,  aluminum  is  oxidized  to  a  very  slight  extent,  probably 
because  the  coating  of  alumina  which  is  formed  remains  infusible  and 
protects  the  metal  beneath  it.  For  a  similar  reason,  apparently,  alumi- 
num decomposes  steam  slowly,  even  at  a  high  temperature. 

When  aluminum  is  fused  with  nine  times  its  weight  of  copper,  it  forms 
an  alloy  very  similar  to  gold  in  appearance,  but  almost  as  strong  as  iron. 
This  alloy  was  strongly  recommended  to  replace  gold  for  ornamental  pur- 
poses, but  it  does  not  retain  its  brilliancy  so  completely  as  that  metal. 
Aluminum  does  not  unite  with  mercury  or  with  melted  lead,  both  of 
which  are  capable  of  dissolving  nearly  all  other  metals. 

202.  Mineral  Silicates  of  Alumina. — Many  of  the  chemical  formulae  of 
minerals,  which  contain  silicates  of  alumina  associated  with  the  silicates 
of  other  metallic  oxides,  are  complicated,  from  the  circumstance  that  a 
part  of  the  aluminum  is  often  replaced  by  iron,  which,  in  the  form  of 
sesquioxide  (Fe.2O3),  is  isomorphous  with  it,  and  therefore  capable  of 
replacing  it  without  altering  the  crystalline  form  and  general  character 
of  the  mineral.  In  a  similar  manner,  the  other  metals  present  in  the 
mineral  may  be  exchanged  for  isomorphous  representatives ;  thus  there 
are  two  well-known  feldspars,  potash-feldspar  (orthoclase)  and  soda-feld- 
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sodium  or  hyposulphite  of  soda,  or  both.  Ultramarine  is  a  very  perma- 
nent color  under  ordinary  conditions  of  exposure  to  air  and  light,  but 
acids  bleach  it  at  once,  with  separation  of  gelatinous  silica  and  evo- 
lution of  sulphuretted  hydrogen.  Blue  writing-paper  is  often  colored 
with  ultramarine,  so  that  its  color  is  discharged  by  acids  falling  upon  it 
in  the  laboratory.  Chlorine  also  bleaches  ultramarine.  Starch  is  often 
colored  blue  with  this  substance. 

Phosphate  of  alumina  is  found  naturally  in  several  forms.  It  occurs 
in  large  quantities  in  the  West  India  Islands.  Turquoise  is  a  hydrated 
phosphate  of  alumina  (Al2OrP205),  owing  its  color  to  the  presence  of 
oxide  of  copper.1  Wavellite  has  the  composition  3A1,08.2P,O6.  None 
of  the  earlier  analysts  detected  the  phosphoric  acid  in  this  mineral,  on 
account  of  the  difficulty  in  separating  it  from  the  alumina,  so  that  even 
in  comparatively  modern  chemical  works,  it  is  described  as  a  hydrate  of 
alumina. 


GLUCINUM. 

Gl"  =  9.5  parts  by  weight. 

203.  This  comparatively  rare  metal  (which  derives  its  name  from  the  sweet  taste 
of  its  salts,  yivitiis-.  awett]  is  found  associated  with  silica  and  alumina  in  the  emerald, 
which  is  a  double  silicate  of  alumina  and  glucina,  Al./)3.3SiO2,  3(GlO.SiO2),  and 
appears  to  owe  its  color  to  the  presence  of  a  minute  quantity  of  oxide  of  chromium. 
The  more  common  mineral  beryl  has  a  similar  composition,  but  is  of  a  paler  green 
color,  apparently  caused  by  protoxide  of  iron.      Chrysoberyl  consists  of  glucina  and 
alumina,  also  colored  by  iron.     The  earlier  analysts  of  the  so  minerals  mistook  the 
glucina  for  alumina,  which  it  resembles  in  forming  a  gelatinous  precipitate  on  add- 
ing ammonia  to  its  solutions,  but  it  is  a  stronger  base  than  alumina,  and  is,  there- 
fore, capable  of  displacing  ammonia  from  its  salts,  and  of  being  dissolved  by  them. 
Carbonate  of  ammonia  is  employed  to  separate  the  glucina  from  alumina,  since  it 
dissolves  the  glucina  in  the  cold,  forming  a  double  carbonate  of  glucina  and  am- 
monia, from  which  the  carbonate  of  glucina  is  precipitated  on  boiling.     Glucina 
(G1O)  is  intermediate  in  properties  between  alumina  and  magnesia,  resembling  the 
latter  in  its  tendency  to  absorb  carbonic  acid  from  the  air,  and  to  form  soluble  double 
salts  with  the  salts  of  ammonia,  and  so  much  resembling  alumina  in  the  gelatinous 
form  of  its  hydrate,  its  solubility  in  alkalies,  and  the  sweet  astringent  taste  of  its 
salts,  that  it  was  formerly  regarded  as  a  sesquioxide  like  alumina. 

The  metal  itself  is  very  similar  to  aluminum. 

204.  THORINUM  is  present  in  a  rare  Norwegian  mineral,  thorite,  where  it  is  asso- 
ciated with  silica,  lime,  magnesia,  and  other  metallic  oxides.      The  metal  itself  is 
similar  to  aluminum,  but  its  oxide  thorina  appears  to  be  a  protoxide  (ThO),  and 
differs  from  alumina  and  glucina  in  being  insoluble  in  the  alkalies  (potash,  for  ex- 
ample), though  it  dissolves  in  carbonate  of  potash.    Moreover,  the  sulphate  of  thorina 
is  sparingly  soluble  in  hot  water,  so  that  it  is  precipitated  on  boiling  its  solution. 

205.  YTTRIUM  and  ERBIUM  are  very  rare  metals  found  in  gadolinite,  a  mineral 
silicate  occurring  at  Ytterby  in  Sweden,  and  containing  beside  these,  glucinum, 
cerium,  and  iron.     Their  oxides  yttria  (TO)  and  erbia  resemble  thorina  in   being 
insoluble  in  the  alkalies,  but  soluble  in  their  carbonates  ;   yttria  is  white,  but  erbia 
has  a  yellow  color.     The  Kilts  of  yttria  and  erbia  are  colorless. 

206.  CERIUM  is  also  found  in  gadolinite,  but  more  abundantly  in  cerite,  which  is 
essentially  a  silicate  of  cerium.     Phosphate  of  cerium   (cryptolite]  has   also  been 
found  in  brown  apatite.     This  metal  has  been  employed  medicinally,  in  the  form  of 
oxalate  of  cerium  (CeO  C0O3.3H2O).    It  forms  two  basic  oxides,  CeO,  which  is  white, 
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and  are  then  dipped  into  a  vessel  of  melted  zinc,  the  surface  of  which 
is  coated  with  sal  ammoniac  (hydrochlorate  of  ammonia)  in  order  to  dis- 
solve the  oxide  of  zinc  which  forms  upon  the  surface  of  the  melted 
metal,  and  might  adhere  to  the  iron  plate  so  as  to  prevent  its  becoming 
uniformly  coated  with  the  zinc.1  A  more  firmly  adherent  coating  of 
zinc  is  obtained  by  first  depositing  a  thin  film  of  tin  upon  the  surface 
of  the  iron  plate  by  galvanic  action,  and  hence  the  name  of  galvanized 
iron. 

The  ores  of  zinc  are  found  pretty  abundantly  in  England,  chiefly  in 
the  Mendip  Hills  in  Somersetshire,  at  Alston  Moor  in  Cumberland,  in 
Cornwall  and  Derbyshire,  but  the  greater  part  of  the  zinc  used  in  this 
country  is  imported  from  Belgium  and  Germany,  being  derived  from 
the  ores  of  Trans}dvania,  Hungary,  and  Silesia. 

Metallic  zinc  is  never  met  with  in  nature.  Its  chief  ores  are  calamine 
or  carbonate  of  zinc  (ZnO.COJ,  blende  or  sulphide  of  zinc  (ZnS),  and 
red  zinc  ore,  in  which  oxide  of  zinc-(ZnO)  is  associated  with  tlie  oxides 
of  iron  and  manganese. 

Calamine  is  so  called  from  its  tendency  to  form  masses  resembling  a 
bundle  of  reeds  (calamus,  a  reed).  It  is  found  in  considerable  quanti- 
ties in  Somersetshire.  Cumberland,  and  Derbyshire.  A  compound  of 
carbonate  with  hydrate  of  zinc,  ZnO  CO2,  2(ZnO.H,O)  is  found  abun- 
dantly in  Spain.  The  mineral  known  as  electric  calamine  is  a  silicate 
of  zinc  (2ZnO.SiO?.H2O).  Blende  derives  its  name  from  the  German 
blenden,  to  dazzle,  in  allusion  to  the  brilliancy  of  its  crystals,  which  are 
generally  almost  black  from  the  presence  of  sulphide  of  iron,  the  true 
color  of  pure  sulphide  of  zinc  being  white.  Blende  is  found  in  Corn- 
wall, Cumberland,  Derbyshire,  Wales,  and  the  Isle  of  Man,  and  is  gen- 
erally associated  with  galena  or  sulphide  of  lead,  which  is  always  care- 
fully picked  out  of  the  ore  before  smelting  it,  since  it  would  become 
converted  into  oxide  of  lead,  which  corrodes  the  earthen  crucibles  em- 
ployed in  the  process. 

In  England,  the  extraction  of  zinc  from  its  ores  is  carried  on  chiefly 
at  Swansea,  Birmingham,  and  Sheffield.  Before  extracting  the  metal 
from  these  ores,  the}7  are  subjected  to  a  preliminary  treatment  which 
brings  them  both  to  tn*e  condition  of  :$xide  of  zinc.  For  this  purpose 
the  calamine  is  simply  calcined  in  a  reverberatory  furnace,  in  order  to 
expel  the  carbonic  acid  ;  but  the  blende  is  roasted  for  ten  or  twelve 
hours,  with  constant  stirring,  so  as  to  expose  fresh  surfaces  to  the  air, 
when  the  sulphur  passes  of  in  the  form  of  sulphurous  acid,  and  its 
place  is  taken  by  the  oxygen,  the  ZnS  becoming  ZnO.  The  extraction 
of  the  metal  from  this  oxide  of  zinc  depends  upon  the  circumstance 
that  zinc  is  capable  of  being  distilled  at  a  bright  red  heat,  its  boiling- 
point  being  1904°  F. 

The  facility  with  which  this  metal  passes  off  in  the  form  of  vapor  is 
seen  when  it  is  melted  in  a  ladle  over  a  brisk  fire,  for  at  a  bright  red 
heat  abundance  of  vapor  rises  from  it,  which,  taking  lire  in  the  air, 
burns  with  a  brilliant  greenish-white  light,  throwing  off  into  the  air 
numerous  white  flakes  of  light  oxide  of  zinc  (the  philosopher's  wool,  or 
nil  album  of  the  old  chemists). 

The  distillation  of  zinc  may  be  effected  on  the  small  scale  in  a  black-lead  crucible 
(A,  Fig.  241)  about  5  inches  high  and  3  in  diameter.  A  hole  is  drilled  through  the 
bottom  with  a  round  file,  and  into  this  is  fitted  a  piece  of  wrought-iron  gas-pipe  (B) 

1  The  sal  ammoniac  acts  upon  the  heated  zinc  according  to  the  equation  Zn  +  2(NH,.HC1)  =  ZnCl, 
-f  2NHS  -f  Hj,  and  the  chloride  of  zinc  which  is  formed  dissolves  the  oxide  from  the  surface  of  the 
metal,  producing  an  oxychloride  of  zinc. 
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FIG.  243. 


15clj,iau  zinc  furnace. 


The  zinc  thus  obtained,  however,  is  mixed  with  a  considerable  quan- 
tity of  oxide  of  zinc,  and  with  other  foreign  matters  carried  over  from 
the  crucibles.  It  is,  therefore,  again  melted  in  a  large  iron  pan,  and 
allowed  to  rest,  in  order  that  the  dross  may  rise  to  the  surface ;  this  is 
skimmed  off,  to  be  worked  over  again  in  a  fresh  operation,  and  the  metal  is 
cast  into  ingots,  which  are  sent  into  commerce  under  the  name  of  spelter. 

Hc/f/ian  Process  for  the  Extraction  of  Zinc. — At  the  Vieille-Montagne 
works,  near  Liege,  calamine  is  exposed  to  the  rain  for  several  months  in 
order  to  wash  out  the  clay ;  it  is  then  calcined  to 
expel  the  water  and  carbonic  acid,  the  oxide  of  zinc 
so  obtained  being  mixed  with  half  its  weight  of 
coal  dust,  and  distilled  in  fire-clay  cylinders  (C, 
Fig.  243),  holding  about  40  Ibs.  each,  and  set  in 
seven  tiers  of  six  each  in  the  same  furnace,  the 
vapor  of  zinc  being  conveyed  by  a  short  conical 
iron  pipe  (B)  into  a  conical  iron  receiver  (D),  which 
is  emptied  every  two  hours  into  a  large  ladle,  from 
which  the  zinc  is  poured  into  ingot-moulds.  Each 
distillation  occupies  about  twelve  hours.  The  ad- 
vantage of  this  particular  mode  of  arranging  the 
cylinders  is,  that  it  economizes  fuel  by  allowing 
the  poorer  ores,  which  require  less  heat  to  distil  all 
the  zinc  from  them,  to  be  introduced  into  the  upper 
rows  of  cylinders  farthest  from  the  fire  (A).  There 
are  two  varieties  of  Belgian  ore,  one  containing  33 
and  the  other  46  per  cent,  of  zinc,  but  a  large  proportion  of  this  is  in 
the  form  of  silicate,  which  is  not  extracted  by  the  distillation. 

tiili-xirtn   /Voctf.sx  for  Extracting  Zinc. — In  Silesia,  the  oxide  of  zinc 
obtained  by  the  calcina- 
tion of  calamine  is  mixed  FK:-  244- 
with  fine  cinders,  and  dis- 
tilled in   arched  earthen 
retorts  (A,  Fig.  244), into 
which  the   charge  is   in- 
troduced through  a  small 
door  (B),  which  is  then 
cemented  up.     These  retorts  are  arranged  .in  a  double  row  in  the  same 
furnace  (Fig.  245),  and  the  vapor  of  zinc  is  condensed  in  a  bent  earthen- 
ware pipe  attached  to  each 

retort,  and  having  an  open-  FIG.  245. 

ing  (C)  near  the  bend, 
which  is  kept  closed,  unless 
it  is  necessary  to  clear  out 
the  pipe.  In  regard  to  the 
consumption  of  fuel,  this 
process  is  far  more  eco- 
nomical than  that  followed 
in  this  country.  The  Sile- 
sian  zinc  is  remelted,  he- 
fore  casting  into  ingots,  in 
clay  instead  of  iron  pots, 
since  melted  zinc  always 
dissolves  iron,  and  a  very 
small  quantity  of  that 
metal  is  found  to  injure  zinc  when  required  for  rolling  into  sheets. 


Silesian  zinc  furnace. 
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solved  by  boiling  with  solution  of  potash,  hydrogen  being  disengaged 
from  the  water,  the  oxygen  of  which  combines  with  the  zinc. 

The  sulphate  of  zinc  or  white  vitriol,  which  is  employed  in  medicine, 
and  more  extensively  in  calico-printing,  is  prepared  by  roasting  blende 
(sulphide  of  zinc,  ZnS)  at  a  low  temperature,  when  both  its  elements 
combine  with  oxygen,  the  oxide  of  zinc  and  sulphuric  acid  thus  pro- 
duced remaining  in  combination  as  sulphate  of  oxide  of  zinc  (ZnO.SO.,). 
After  roasting,  the  mass  is  treated  with  water,  which  dissolves  the  sul- 
phate, and  yields  it  again,  on  evaporation,  in  prismatic  crystals  having 
the  formula  ZnO.SO,.H20.6Aq. 

Chloride  of  zinc  (ZnCl2),  prepared  by  dissolving  zinc  in  hydrochloric 
acid,  is  known  in  commerce  as  Burnett's  disinfecting  fluid,  since  it  is 
capable  of  absorbing  hydrosulphuric  acid,  ammonia,  and  other  offensive 
products  of  putrefaction,  and  arrests  the  decomposition  of  wood  and 
animal  substances.  By  evaporating  its  solution,  the  chloride  of  zinc 
is  obtained  in  a  fused  state,  and  solidifies  on  cooling  into  white  deli- 
quescent masses.  It  has  a  very  powerful  attraction  for  water. 


CADMIUM. 

Cd"  =  112  parts  by  weight.1 

209.  This  metal  is  found  in  small  quantities  in  the  ores  of  zinc,  its 
presence  being  indicated  during  the  extraction  of  that  metal  (p.  328)  by 
the  appearance  of  a  brown  flame  (brown  blaze}  at  the  commencement  of 
the  distillation,  before  the  characteristic  zinc-flame  is  seen  at  the  orifice 
of  the  iron  tube.  Cadmium  is  more  easily  vaporized  than  zinc,  boiling 
at  1580°  F.,  so  that  the  bulk  of  it  is  found  in  the  first  portions  of  the 
distilled  metal.  If  the  mixture  of  cadmium  and  zinc  be  dissolved  in 
diluted  sulphuric  acid,  and  the  solution  treated  with  hydrosulphuric 
acid  gas,  a  bright  yellow  precipitate  of  sulphide  of  cadmium  (CdS)  is 
obtained,  which  is  employed  in  painting  under  the  name  of  cadmia.  By 
dissolving  this  in  strong  hydrochloric  acid  and  adding  carbonate  of 
ammonia,  the  carbonate  of  cadmium  (CdO.CO2)  is  precipitated,  from 
which  metallic  cadmium  may  be  extracted  by  distillation  with  charcoal. 

Although  resembling  zinc  in  its  volatility  and  its  chemical  relations,  in 
appearance  it  is  much  more  similar  to  tin,  and  emits  a  crackling  sound 
like  that  metal  when  bent.  Like  tin,  also,  it  is  malleable  and  ductile  at 
the  ordinary  temperature,  and  becomes  brittle  at  about  180°  F.  It  is  as 
fusible  as  tin,  becoming  liquid  at  442°  F.,  so  that  it  is  useful  for  making 
fusible  alloys.  An  alloy  of  3  parts  of  cadmium  with  15  of  bismuth,  8  of 
lead,  and  4  of  tin,  fuses  at  140°  F.  In  its  behavior  with  acids  and 
alkalies  cadmium  is  similar  to  zinc,  but  the  metal  is  easily  distinguished 
from  all  others  by  its  yielding  a  characteristic  chestnut-brown  oxide 
when  heated  in  air.  This  oxide  (CdO)  is  the  only  oxide  of  cadmium. 

The  iodide  of  cadmium  (CdI2),  obtained  by  the  action  of  iodine  upon 
the  metal  in  the  presence  of  water,  is  employed  in  photography. 

INDIUM  is  the  name  of  a  metal  which  has  recently  been  discovered,  with  the  help 
of  the  spectroscope,  in  a  specimen  of  blende  from  Freiberg.  Its  name  refers  to  an 
indigo  blue  line  in  the  spectrum.  The  examination  of  the  metal  is  as  yet  imper- 
fect, but  it  is  white,  malleable,  and  dissolves,  like  zinc  and  cadmium,  in  hydro- 

1  112  parts  by  weight  of  cadmium,  when  converted  into  vapor,  occupy  twice  the  volume  of  one  part 
by  weight  of  hydrogen,  making  it  appear  that  its  atomic  weight  should"  be  5<>,  but  the  specific  heat  of 
cadmium,  as  well  as  its  general  chemical  relations,  favor  the  view  that  it  is  a  diatomic  metal  like 
zinc,  its  atomic  weight  being  112. 
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Fe"  =  56  part*  by  weight. 

•Jl  1.  This  most  useful  of  all  metals  those  most  v. 
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These  ores  are  frequently  associated  with  extraneous  minerals,  some 
of  the  constituents  of  which  are  productive  of  injury  to  the  quality  of 
the  iron.  It  is  worthy  of  notice  that  scarcely  one  of  the  ores  of  iron  is 
entirely  free  from  sulphur  and  phosphorus,  substances  which  will  be 
seen  to  have  a  very  serious  influence  on  the  quality  of  the  iron  extracted 
from  them,  and  the  presence  of  which  increases  the  difficulty  of  obtain- 
ing the  metal  in  a  marketable  condition. 

The  following  table  illustrates  the  general  composition  of  the  most 
important  English  ores  of  iron,  with  reference  to  the  proportions  of  iron, 
and  of  those  substances  which  materially  influence  the  character  of  the 
iron  extracted  from  the  ore,  viz.,  manganese  (present  as  oxide  or  car- 
bonate), phosphorus  (present  as  phosphoric  acid),  and  sulphur  (present 
as  bisulphide  of  iron).  The  maximum  and  minimum  quantities  found 
in  each  ore  are  specified. 

British  Iron   Ores.1 


In  100  parts. 

Iron. 

Oxide  of 

Manganese. 

Phosphoric 
Acid. 

Bisulphide 
of  iron. 
(Pyrites.) 

No.  of 
Samples 
Analyzed. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Clay  iron-stone  from  coal-measures, 
Clay  iron-stone  from  the  lias,     .    . 

4330 

49.17 
63.04 
09.10 
49.78 

~>7 

20.95 
17.34 
11.98 
47.47 
13.98 

01 

330 
1.30 
1.60 
1.13 
12.64 

0. 

0.46 
0. 
trace, 
trace. 
1.93 

14 

1.42 
5.05 
3.17 
trace. 
0.22 

0. 

0.07 
0 
0 
trace. 
0 

,0 

1.21 
1.60 
0.30 
0.06 
0.11 

0. 

0 
0 
0 
0 
0 

07 

77 
12 
23 
5 
1 

1 

Red  haematite  
Spathic  ore,    

Magnetic  ore,     

From  this  table  it  will  be  gathered  that,  among  the  most  abundant  of 
the  iron  ores  of  this  country,  red  haematite  is  the  richest  and  purest, 
whilst  the  brown  haematite  often  contains  considerable  proportions  of 
sulphur  and  phosphorus,  and  the  spathic  ore.  though  containing  little 
sulphur  and  phosphorus,  often  contains  much  manganese. 

The  argillaceous  ores,  or  clay  iron-stones,  found  in  the  lias,  contain  more 
phosphoric  acid  than  those  from  the  coal-measures  ;  and  these  latter,  as 
a  general  rule,  contain  more  sulphur  (pyrites)  than  the  former,  although 
the  maximum  in  the  table  does  not  show  this. 

Clay  iron-stone  is  the  ore  from  which  the  largest  quantity  of  iron  is 
extracted  in  England,  since  it  is  found  abundantly  in  the  coal-measures 
of  Staffordshire,  Shropshire,  and  South  Wales,  and  it  is  a  circumstance 
of  great  importance  in  the  economy  of  English  iron-smelting,  that  the 
coal  and  limestone  required  in§the  smelting  process,  and  even  the  fire- 
clay employed  in  the  construction  of  the  furnace,  are  found  in  the  im- 
mediate vicinity  of  the  ore. 

Blackband  is  the  clay  iron-stone  found  in  the  coal-fields  of  Scotland, 
and  often  contains  between  20  and  30  per  cent,  of  bituminous  matter, 
which  contributes  to  the  economy  of  fuel  in  smelting  it. 

Red  haematite  (Fe.203)  is  the  most  characteristic  of  the  ores  of  iron,  oc- 
curring in  hard  shining  rounded  masses,  with  a  peculiar  fibrous  structure 
and  a  dark  red-brown  color,  whence  the  ore  derives  its  name  (afyia,  blood). 
It  is  found  in  considerable  quantities  in  Lancashire  and  Cornwall,  but 


This  table  has  been  compiled  from  the  analyses  given  in  "  Percy  on  Iron  and  Steel." 
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Magnetic  iron  ore  (Fe,0t),  of  which  the  loadstone  is  a  variety,  has  a 
more   granular  structure,  and  a  dark  iron-gray  col<  moun- 

tainous masses   in   Sweden,  ami    is  also   found    in    B 
A nifiira.     It  is  generally  smelted  with  charcoal,  ami  vie!  .-IK-nt 
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being  largely  available  as  a  source  of  iron. 

iron  ore  (FeO.CO,)  is  found   in  abundance  in  Saxon \. 
often  contains  a  considerable  quantity  of  carbonate  of  manganese, 
inlluenees  the  character  of  the  metal  extracted  fro:, 

The  /-on  ore,  occurring  in   the  Northampton  oolite,  contains 

both  hydrated  sesquioxide  and  carbonate  of  iron.  to^U,,.,  with  clay. 
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d  structure.      It  was  formerly  disrej  a  source  «.f  iron,  on 

account  of  the  dilliculty  of  separating  the  sulphur:  l»ut  -incethe  demand 
for  iron  has  so  largely  increased,  an  inferior  quality  of  the  metal  has 
been  extra  •  the  residue  burning  the  pyrites  in  the 

manufacture  of  oil  of  vitriol  (p.  iM*).  the  residue  beini:  lii'-t  well  roasted 
in  a  lime  kiln  to  remove  as  much  as  possible  of  the  sulphur. 
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a  similar  wire  of  copper,  which  stands  next  in  order  of  tenacity,  will  not 
support  more  than  385  pounds. 

Being,  with  the  exception  of  platinum,  the  least  fusible  of  useful 
metals,  iron  is  applicable  to  the  construction  of  fire-grates  and  furnaces. 
Nor  are  its  qualifications  all  dependent  upon  its  physical  properties, 
for  it  not  only  enters  into  a  great  number  of  compounds,  which  are  of 
the  utmost  use  in  the  arts,  but  its  chemical  relations  to  one  of  the  non- 
metallic  elements,  carbon,  are  such  that  the  addition  of  a  small  quantity 
of  this  element  converts  it  into  steel,  far  surpassing  iron  in  the  valuable 
properties  of  hardness  and  elasticity  ;  whilst  a  larger  quantity  of  carbon 
gives  rise  to  cast  iron,  the  greater  fusibility  of  which  permits  it  to  be 
moulded  into  vessels  and  shapes  which  could  not  be  produced  by 
forging. 

213.  English  Process  of  Smelting  Clay  Iron-stone. — The  first  step 
towards  the  extraction  of  the  metal  consists  in  calcining  (or  roasting)  the 
ore,  in  order  to  expel  the  water  and  carbonic  acid  which  it  contains.  To 
effect  this  the  ore  is  built  up,  together  with  a  certain  amount  of  small 
coal,  into  long  pyramidal  heaps,  resting  upon  a  foundation  of  large 
lumps  of  coal ;  blackband  often  contains  so  much  coal  that  any  further 
addition  is  unnecessary.  These  heaps  are  kindled  in  several  places,  and 
allowed  to  burn  slowly  until  all  the  fuel  is  consumed.  This  calcination 
has  the  effect  of  rendering  the  ore  more  porous,  and  better  fitted  for  the 
smelting  process.  If  the  ore  contained  much  sulphur,  a  part  of  it  would 
be  expelled  by  the  roasting,  in  the  form  of  sulphurous  acid. 

Sometimes  the  calcination  is  effected  in  kilns  resembling  lime-kilns, 
and  it  is  often  altogether  omitted  as  a  separate  process,  the  expulsion 
of  the  water  and  carbonic  acid  being  then  effected  in  the  smelting-fur- 
nace  itself  as  the  ore  descends. 

The  calcined  ore  is  smelted  in  a  huge  blast-furnace  (Fig.  246),  about 
fifty  or  sixty  feet  high,  built  of  massive  masonry,  and  lined  internally 
with  fire-brick.  Since  it  would  be  impossible  to  obtain  a  sufficiently 
high  temperature  with  the  natural  draught  of  this  furnace,  air  is  forced 
into  it  at  the  bottom,  under  a  pressure  of  three  or  four  pounds  upon  the 
inch,  through  three  tuyere  pipes,  the  nozzles  of  which  pass  through 
apertures  in  three  sides  of  the  furnace. 

It  would  be  very  easy  to  reduce  to  the  metallic  state  the  oxide  of  iron 
contained  in  the  calcined  ore,  by  simply  throwing  it  into  this  furnace, 
together  with  a  proper  quantity  of  coal,  coke,  or  charcoal ;  but  the  me- 
tallic iron  fuses  with  so  great  difficulty,  that  it  is  impossible  to  separate 
it  from  the  clay  unless  this  latter  is  brought  into  a  liquid  state  ;  and 
even  then  the  fusion  of  the  iron,  which  is  necessary  for  complete  sepa- 
ration, is  only  effected  after  it  has  formed  a  more  easily  fusible  com- 
pound with  a  small  proportion  of  carbon  derived  from  the  fuel. 

Now,  clay  is  even  more  difficult  to  fuse  than  iron,  so  that  it  is  neces- 
sary to  add,  in  the  smelting  of  the  ore,  some  substance  capable  of  form- 
ing with  the  clay  a  combination  which  is  fusible  at  the  temperature  of 
the  furnace.  If  clay  (silicate  of  alumina)  be  mixed  with  limestone  (car- 
bonate of  lime),  and  exposed  to  a  high  temperature,  the  carbonic  acid 
is  expelled  from  the  limestone,  and  the  lime  unites  with  the  clay,  form- 
ing a  double  silicate  of  alumina  and  lime,  which  becomes  perfectly  liquid, 
and  when  cool  solidifies  to  a  glass  or  slag.  The  limestone  is  here  said 
to  act  as  a  flux,  because  it  induces  the  cla}r  to  flow  in  the  liquid  state. 
In  order,  therefore,  that  the  clay  may  be  readily  separated  from  the 
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Mth   a   ivrtaii. 
Grea  ->arv  in  lir-t   1  t>»-furna 

mason  rv  |] 

1   in  run-1  -  until 

in  want  of  repair.      \Vh«-n  the  fire  has  :  ti!U-«l 


up  with  coke,  and  as  soon  as  this  has  burnt 

I  layer  of  tin-  mixture  of  c:iK-iiu-«l   or.-  \\ith  tin-   iv.|iiiMti« 

il-oWli      \IJ.OII        ' 

•in. it  li«- r  In1  ,  I  In- n  a  vrc.-n.l  l:iyi-r  <>t'  tin-  niixtiin-  I  flux. 

and  SO  on,  -.  until  the  furnarr  lia^  !•«  fii  fi!K-«l  ii|.  ;  \vln-n 

,n-   -ink  «li»wii,  tVr-ti  .ju:u .'  .  ami  tlux  :in-   a-l.lr.l. 

iitly  full.      As  (he  air  |»:ISM>.N   from  tin- 

of    til,-    f... 

the  furl,  \\hi.-h 

I-  in  tin-  furii-i 

:.:ion:il  «|u:intity 

[t  is  this  carbonic  oxide  whlob  n-«lu«T-  tin-  calcined 

tl,r  in.tal  '  witli  it.  :it  :i  r»-«l  heat,  in  tin- 

. 

•  •tallir   st.-.'  tin-    iron  -o   rr.lu-  • 

i   thiou^h  the  mas-   <>f  <.i«-    until  it   has  passed 
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to  a  part  of  the  furnace  which  is  more  strongly  heated,  where  the  iron 
enters  into  combination  with  a  small  proportion  of  carbon  to  form  cast 
iron,  which  fuses  and  runs  down  into  the  crucible  or  cavity  for  its 
reception  at  the  bottom  of  the  furnace.  At  the  same  time,  the  clay 
contained  in  the  ore  is  acted  upon  by  the  lime  of  the  flux,  producing  a 
double  silicate  of  alumina  and  lime,  which  also  falls  in  the  liquid  state 
into  the  crucible,  where  it  forms  a  layer  of  u  slag  "  above  the  heavier 
metal.  This  slag,  which  has  five  or  six  times  the  bulk  of  the  iron,  is 
allowed  to  accumulate  in  the  crucible,  and  to  run  over  its  edge  down 
the  incline  upon  which  the  blast-furnace  is  built ;  but  when  a  sufficient 
quantity  of  cast  iron  has  collected  at  the  bottom  of  the  crucible,  it  is 
run  out  through  a  hole  provided  for  the  purpose,  either  into  channels 
made  in  a  bed  of  sand,  or  into  iron  moulds,  where  it  is  cast  into  rough 
semi-cylindrical  masses  called  _p>V/.s,  whence  cast  iron  is  also  spoken  of 
as  pig-iron.  The  temperature  of  the  furnace  is,  of  course,  highest  in  the 
immediate  neighborhood  of  the  tuyeres;  the  reduction  of  the  iron  to  the 
metallic  state  appears  to  commence  at  about  two-thirds  of  the  way  down 
the  furnace,  the  volatile  matters  of  the  ore,  fuel,  and  flux  being  driven 
off  before  this  point  is  reached. 

Some  idea  may  be  formed  of  the  immense  scale  upon  which  the  smelt- 
ing of  iron  ores  is  carried  out,  when  it  is  stated  that  each  furnace  con- 
sumes, in  the  course  of  twenty-four  hours,  about  50  tons  of  coal,  30  tons 
of  ore,  6  tons  of  limestone,  and  100  tons  of  air.  The  cast  iron  is  run 
off  from  the  crucible  once  or  twice  in  twelve  hours,  in  quantities  of  five 
or  six  tons  at  a  time.  The  average  yield  of  calcined  clay  iron-stone  is 
35  per  cent,  of  iron. 

The  gases  escaping  from  the  chimney  of  the  blast-furnace  are  highly 
inflammable,  for  they  contain,  beside  the  nitrogen  of  the  air  blown  into 
the  furnace,  a  considerable  quantity  of  carbonic  oxide  and  some  hydro- 
gen, together  with  the  carbonic  acid  formed  by  the  action  of  the  car- 
bonic oxide  upon  the  ore.  Since  the  carbonic  oxide  and  hydrogen  confer 
considerable  heating  power  upon  these  gases,  they  are  employed  in  some 
iron-works  for  heating  steam-boilers,  or  for  calcining  the  ore,  or  for 
raising  the  temperature  of  the  blast. 

The  composition  of  the  gas  issuing  from  a  hot-blast  furnace  (fed  with  uncoked 
coal)  may  be  judged  of  from  the  following  table  : 

Gas  from  Blast- Furnace. 

Nitrogen,     .....  55.35  vols. 

Carbonic  oxide,   ....  25.97 

Hydrogen, 6.73 

Carbonic  acid,      ....       7.77 

Marsh-gas, 3  75 

01efiant-gasT          ....       0.43 

100.00     " 

The  carbonic  oxide,  of  course,  renders  these  gases  highly  poisonous,  and  fatal  acci- 
dents occasionally  happen  from  this  cause. 

Although  the  bulk  of  the  nitrogen  present  in  the  air  escapes  unchanged  from  the 
furnace,  it  is  not  improbable  that  a  portion  of  it  contributes  to  the  formation  of  the 
cyanide  of  potassium  (KCN),  which  is  produced  in  the  lower  part  of  the  furnace, 
the  potassium  being  furni>hed  by  the  ashes  of  the  fuel. 

The  Hot-blast. — On  considering  the  enormous  quantity  of  air  which 
passes  through  the  blast-furnace,  it  will  be  seen  that  it  occasions  the 
loss  of  a  considerable  amount  of  heat.  In  order  to  economize  the  fuel, 

22 
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hot-blast  f>i  ..f  which  the  temperature  is  raised  to 

about  «;IIM     I  ..  by   pausing  it  through  heated  in.n  pipes    before  :ill..\\  in-- 

Mcr  llu-  blast-furnace.      Tin-  higher  temperature  which   in  thus  at- 
tained   permits  tin-    n-r   of  Bfl  -:il.  which    would    not    have    given 
enough  heat  in  a  cold-blast    fnniarf,  and   the  same   ijuantity  of  ore  may 
be  Smelted  with  less  than  hall'  the  coal  t-.niiei|\  empl<  .\  ,-d.      It   :i|  . 
however,  that   the  A                        is  inferior  in  quality  to  that   oft 

re  iii  H  cold-!. la^t  furnace,  and  this  is  generally  e\|,lanied 

.  iTing  to  the  larger  quantity  of  sulphur  contained  in  the  ra\\ 
to  the  circumstance,  that  the  ca-t  iron  being  exposed  to  a  much  higher 
temperature  in  the  hot-Must  furnace  is  more  liaMe  t  and  i-etain 

a  larger  amount  of  foreign  substances;  and  (most  irnp..rtant  »\'  all)  to 
the  custom  iron  in  a  hot-Mast  furnace  from  slags  obt 

in  the  subsequent  processes  of  the  iron  manufacture,  which  could  not 
be  smelted  in  a  cold-blast  furnace.  These  slags  always  contain  sulphur 
and  phosphorus,  and,  therefore.  \  id. I  an  Inferior  quality  of  iron.  ' 

-tinction  commonly  drawn  between  mine  i    from  the 

ore  without   admixture  of  slags,  and   <  /  in  the  preparation  of 

which  slag  or  cinder  has  been  employed. 

The  >/</'/  /row  //»'•  lifti.if-/m-  ^entially  a  glass  composed  of  a 

double  silicate  of  alumina  and    lime,  the  composition  ,,f  which 
much  aee«.rdinir  to  the  nature  of  the  earthy  matters  in  the  ore,  and  the 
composition  of  the  llux.      It-  color  is  generally  opaque  white,  streaked 
\\ith  blue,  green,  or  brown.' 

The  nature  of  the  Hnx  employed  niu-t.  of  course,  be  modified  a» 
ing  to  the  composition  of  the  earthy  sub-tanees  (or  gai\<i  "  i   pi.  -,,-nt  in 
the  ore.      Where  this  cm  ^ilicate  of  alumina)  the  addition 

of  lime  (which  is  sonieti:  1    in  the  form  of  liuieM<>iie  ami 

times  as  quicklime)  will  provide  tor  the  formation  of  the  double  silicate 
of  alumina  and  lime.  Hut  if  the  iron-ore  happened  already  to  contain 
limestone,  an  addition  of  clay  would  be  nece»at\.  or  if  -inait/  wen- 
present.  c"ii-i-ting  of  silica  only,  both  lime  and  alumina  (in  the  form  of 
clay)  will  be  necessary  as  a  tbix.  It  is  sometimes  found  economical  to 
employ  a  mixture  of  ores  containing  different  kinds  of  gangue,  so  that 
one  may  serve  as  a  flux  to  the  other.  If  a  pr-.per  proportion  of  lime 
were  not  added,  a  portion  of  the  oxide  of  iron  would  combine  with  the 
silica  and  be  carried  off  in  the  slag,  but  if  too  large  a  quantity  of  lime 

ployed,  it  will  diminish  the  fusibility  of  the  slag,  and  prevent  the 
complete  «.,. para:  ion  of  the  in.u  from  the  earthy  matter.  The  most 
easily  fusible  slag  which  >nned  by  the  ac:i»n  ,,\  hme  upon  clay 

Mposiiion  6CaO.Al,OrOSi()    .   but.  in  Kurdish  furnaces,  where 
COftl  and    «  «-ke  are  employed,  it   is    found    i  to   einpi 

proportion   of  ,  :   the  sulphur  of  the    fuel    into  sulphide   of 

calcium,  so  that  the  slag  commonly  has  a  composition  more  nearly  rep- 
resented  by    the   formula.  18<  ii    would    express  a 
compound  of  0  molecules  of  normal    silicate  of  lime  with   1    molecule  of 
unina,6(2Ca<'                                o.  silicic  acid  being 

COnsi  ~ic  acid. 

ii.  mang:r  -mmoidy  found    0< 

ing  the   place  of  a   portion  of  the  cah-ium.  a  more   general    formula    for 
slag  from  Kn^li-h  blast-furnaces  would  be — 

\l     n.siu   .     MM      sl() 

A  fair  impression  of  the  ordinary  composition  of  the  slag  from  blast- 
furnaces is  co|,\e\ed   |,y   the   following  la! 
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Slag  from  Blast  Furnace. 

Silica, 43.07 

Alumina,      ..........  14.85 

Lime, 28.92 

Magnesia, 5.87 

Oxide  of  iron  (FeO), 2.35 

Oxide  of  manganese  (MnO),       ......  1.37 

Potash, 1.84 

Sulphide  of  calcium, 1.90 

Phosphoric  acid, trace 


100.35 

These  slags  are  sometimes  run  from  the  blast  furnace  into  iron  moulds, 
in  which  they  are  cast  into  blocks  for  rough  building  purposes.  The 
presence  of  a  considerable  proportion  of  potash  has  led  to  experiments 
upon  their  employment  as  a  manure,  for  which  purpose  they  have  been 
blown  out,  when  liquid,  into  a  finely  divided  frothy  condition  fit  for 
grinding  and  applying  to  the  soil. 

214.  CAST  IRON  is,  essentially,  composed  of  iron  with  from  2  to  5  per 
cent,  of  carbon,  but  alwa}7s  contains  other  substances  derived  either 
from  the  ore  or  from  the  fuel  employed  in  smelting  it.  On  taking  into 
consideration  the  energetic  deoxidizing  action  in  the  blast  furnace,  it  is 
not  surprising  that  portions  of  the  various  oxygen  compounds  exposed 
to  it  should  part  with  their  oxygen,  and  that  the  elements  thus  liber- 
ated should  find  their  way  into  the  cast  iron.  In  this  way  the  silicic 
acid  is  reduced,  and  its  silicon  is  found  in  cast  iron  in  quantity  some- 
times amounting  to  3  or  4  per  cent.  Sulphur  and  phosphorus  are  also 
generally  present  in  cast  iron,  but  in  very  much  smaller  quantity;  their 
presence  diminishes  its  tenacity,  and  the  smelter  endeavors  to  exclude 
them  as  far  as  possible,  though  a  small  quantity  of  phosphorus  appears 
to  be  rather  advantageous  for  some  castings,  since  it  augments  the  fusi- 
bility and  fluidity  of  the  cast  iron.  The  sulphur  is  chiefly  derived  from 
the  coal  or  coke  employed  in  smelting,  and  for  this  reason  charcoal 
would  be  preferable  to  any  other  fuel  if  it  could  be  obtained  at  a  suffi- 
ciently cheap  rate.  The  iron-works  of  America  and  those  of  the 
European  continent  enjoy  a  great  advantage  in  this  respect  over  those 
of  England.  The  phosphorus  is  obtained  chiefly  from  the  phosphoric 
acid  existing  in  the  ore  or  in  the  flux.  Manganese,  amounting  to  1  or  2 
per  cent.,  is  often  met  with  in  cast  iron,  having  been  reduced  from  the 
oxide  of  manganese,  which  is  generally  found  in  iron  ores.  Other 
metals,  such  as  chromium,  cobalt,  &c.,  are  also  occasionally  present, 
though  in  so  small  quantities  as  to  be  of  no  importance  in  practice. 

The  following  table  exhibits  the  largest  and  smallest  proportions  of 
the  various  elements  determined  in  the  analysis  of  upwards  of  a  hun- 
dred specimens  of  cast  iron  : 

Composition  of  Cast  Iron.1 


Maximum. 

Minimum. 

Carbon,  . 

.     4.81 

1.04  per  cent. 

Silicon,  . 

.     4.77 

0.08        " 

Sulphur, 

.     1.06 

0.00 

Phosphorus,   . 

.     1.87 

trace        '< 

Manganese, 

.     6.08 

trace        " 

Iron, 

1  Compiled  from  "  Percy  on  Iron  and  Steel." 


1.  I    to   understand   the  difference  observed    ill  t 

Of  CAHt  iron,  it    i-   necev-  •  ••uli:ir    n-lat  i»n»   )»  ' 

,.      In. n  t  t   with   carbon  i.  , 

,rl\  «;  IMT  MDt  "I"  tli:it  element.  ;  Miant. 

ami  In -iltlr  compound.  \\liirh    ma\  marly  as  com- 

poeedof  Fe4C.  n  circumstances,  as  tlii.s  compo mid  ' 

and  carl". n  cools,  a   portion  of  the  carbon  separates  from    the  ii ami 

remain-  disseminated   throughout  tin-  mass  in   tin-  form  of  miiiut. 
tallinc    particles   very  Hindi   resembling  natural  graphite.      If  a  1 

these  scales  be  examined,  tin-  frartiuv  will  U- 
fouiKl  to  fxhiliit  :i  more  or  less  dark  gray  color,  due  to  the  prest-i 
tin-  iinr..inl.iin-.l   carlx >n.  aixl  torthi^  reason  a  cast  iron  in  \\liii-h 
tion  of  the  carbon  has  thus  separated  is  commonly  -p"lvn  "I  M 
•.  hil-t  that  in  \\liicli  tin-  wholr  of  tin-  carhon  ha-*  remained  il 
liinatioii  \\ith  the  metal.  «-xhil»its  a  white  ' 

i    bHgkt  trim*      lnternif«liatc  lieivxeeii   the>e  is   tin?   variei\    i 
as  wo///"/  //••»//,  whi<  h  has  the  appearance  of  a  mixture  of  the  gray  ami 
white  varieties. 

The  diilereiit  condition  of  the  carbon  in  the  two  varieties  of  cast  iron 
is  rendered  apparent  \\henthe  metal  is  dissolved  in  diluted  sulphuric  or 
h\  dr.. chloric  acid,  for  any  carl.on  which  exists  in  the  uncoinliined  state 
will  then  be  left,  wliiUt  that  which  had  been  in  combination  with  the 
ii-.n  pas-,-*  «•!!  in  the  form  of  peculiar  compounds  of  carbon  ami  h\dro- 
L'cn.  which  impart  the  disa<;reeabh-  «,d<.r  ]  in  the  gas  e\ 

when  the  metal  is  dissolved  in  an  acid. 

The  properties  of  these  two  varieties,  nfca-t  iron  arc  widely  ditlerent, 
gray  iron  being  so  soft  that  it  may  be  turned  in  a  lathe,  whilst  the  white 
iron  is  extremely  hard,  and  of  higher  specific  gravity.     Again,  although 
white  iron  fuses  at  a  lower  temperature  than  ^r:iy  iron,  the   latter 
more  liquid  when  fused,  and  is  therefore  much   better  li''  ^tinu. 

Although  the  presence  of  uncombined  carbon  is  the  chief  point  which 

distin^'iNiea  gray  from   white  iron,  other  .;m«>nly  ob- 

i  in  the  composition  of  the  two  xariclies.      The  white  iron  usually 

contain^  less  silicon  than  ^ray  iron,  but  a  larger  proportion  of  sulphur. 

White  in. n  aUo  usually  •  a  much  larger  quantity 

The  dillerence  in  the  composition  of  these  il,  ies  of  cast  iron 

is  shown  in  the  following  table: 


(irmy. 

Mottled. 

Iron,     . 

90.24 

v.«  ::i 

1  in.-«I  i-nrl" 

1  02 

Gra, 

1  11 

0.87 

. 

:;  «..; 

•J  17 

Lll 

• 

1  H 

1.48 

Photpborut,  . 

O.M 

1   17 

0.01 

M«II^UII.-M?  

0.88 

160 

•..s,,; 

100.46 

As  might  be  expe<  tell  when-  a  <  a-t   i  I-.  1 1  ceases 

to  be  gray  and  begins  to  be  mottu-d.  or  where  the  mottled  iroi. 
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and  white  iron  begins.  There  are,  in  fact,  eight  varieties  of  cast  iron  in 
commerce,  distinguished  by  the  numbers  one  to  eight,  of  which  No.  1 
is  dark  gray,  and  contains  the  largest  proportion  of  graphite,  which 
diminishes  in  the  succeeding  numbers  up  to  No.  8,  which  is  the  whitest 
iron,  the  intermediate  numbers  being  more  or  less  mottled. 

The  particular  variety  of  cast  iron  produced  is  to  some  extent  under 
the  control  of  the  smelter,  a  furnace  in  good  order  appearing  usually  to 
yield  gray  iron,  whilst  a  defective  furnace,  or  one  supplied  with  too 
small  a  proportion  of  fuel,  will  commonly  give  a  white  iron.  But  the 
metal  sometimes  varies  considerably  at  different  levels  in  the  crucible  of 
the  furnace,  so  that  pigs  of  different  degrees  of  grayness  are  obtained  at 
the  same  tapping. 

Mottled  cast  iron  surpasses  both  the  other  varieties  in  tenacity,  and 
is  therefore  preferred  for  such  purposes  as  casting  ordnance,  where  this 
quality  is  particularly  desirable. 

The  dark  gray  iron  used  for  casting,  known  as  foundry  iron,  is  pro- 
duced at  a  higher  temperature,  by  supplying  the  blast  furnace  with  a 
larger  proportion  of  fuel  than  is  employed  in  making  the  lighter  forge 
iron  destined  for  conversion  into  wrought  iron.  The  extra  consumption 
of  fuel,  of  course,  renders  the  foundry  iron  more  expensive.  When  a 
furnace  is  worked  with  a  low  charge  of  fuel  to  produce  a  white  iron,  a 
larger  quantity  of  iron  is  lost  in  the  slag,  sometimes  amounting  to  5 
per  cent,  of  the  metal,  whilst  the  average  loss  in  producing  gray  iron 
does  not  exceed  2  percent.  Ores  containing  a  large  proportion  of  man- 
ganese are  generally  found  to  yield  a  white  iron. 

When  gray  iron  is  melted,  the  particles  of  graphite  to  which  its  gray 
color  is  due  are  dissolved  by  the  liquid  iron,  and  if  it  be  poured  into  a 
cold  iron  mould  so  as  to  solidify  it  as  rapidly  as  possible,  the  external 
portion  of  the  casting  will  present  much  of  the  hardness  and  appearance 
of  white  iron,  the  sudden  cooling  having  prevented  the  separation  of 
the  graphite.  This  affords  the  explanation  of  the  process  of  cliill-raxt.- 
ing,  by  which  shot,  &c.,  made  of  the  soft  fusible  gray  iron,  are  made  to 
acquire  externally  a  hardness  approaching  that  of  steel. 

The  specific  gravity  of  cast  iron  varies  between  fi.!)2  ''gray)  and  7.53 
(white),  and  its  fusing-point  is  somewrhat  below  3000°  F. 


CONVERSION  OF  CAST  IRON  INTO  BAR  OR  WROUGHT  IRON. 

215.  In  order  to  convert  cast  iron  into  bar  iron,  it  is  necessary  to  re- 
duce it  as  far  as  possible  to  the  condition  of  pure  iron,  by  removing  the 
carbon,  silicon,  and  other  substances  associated  with  it.  This  purifica- 
tion is  effected  upon  the  principle,  that  when  cast  iron  is  strongly  heated 
in  contact  with  oxide  of  iron,  its  carbon  is  evolved  in  the  form  of  car- 
bonic oxide,  whilst  the  silicon,  also  combining  with  the  oxygen  from  a 
a  part  of  the  oxide  of  iron,  is  converted  into  silicic  acid,  which  unites 
with  another  portion  of  oxide  to  form  a  fusible  slag  easily  separated 
from  the  metal. 

The  most  important  of  the  processes  employed  for  the  conversion  of 
pig  iron  into  bar  iron,  is  that  known  as  the  puddling  process,  but  this  is 
sometimes  preceded  by  the  process  of  refining,  which  will  therefore  be 
first  described. 

defining  Cast  Iron. — This  process  consists  essentially  in  exposing  the 
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.  in    a    to*  blast   of  air.      Tl.- 

h  with   double  walls  of  east  iron, 

between  which  cold  \\ater  is  kept  < -in -ulatinu'  '«'  prevent  their  fusion. 
This  trough  in  about  ,'Jj  feet  long  by  2|  wide,  and  usually  lined  with  tire 

cla\  !i    side    of 

it   are    nnan-ed    three 

tl|\eie  pipe-  for  the  siip- 

plv  of    air.  inclin. 

an  a i  _  >°  to  30° 

to  tip  Mhefur- 

.  which  is  fed  with 
.  unless  the 

best  iron  is  rc.piii. 

for  the   maiiiifad  u 

till  plate,  when  elia; 

is  generally  used  iu  the 

This    furnace    h:r 

tilled  to   a   certain 
height  with  fuel,  I; 
SIX    pigs  of  ir<>n      from 
20    to    30    t\\t.)  are    ar- 
ranged     -\  mmel  rieallv 

uj)on  it,  and  covered  with  coke,  a  blast  of  air  being  forced  in  thion_rli 
the  tuyeres,  under  a  pressure  of  about  :)  Ibs.  upon  the  inch.  In  about  a 
quarter  of  an  hour  the  metal  begins  to  fuse  gradually,  and  to  trickle 

dow  n  through  the  fuel  to 
the  bottom  of  the  refinery. 
a  portion  of  the  iron  bein<_r 
converted  int..  «.\ide  in  its 
:!.  by  the  air  i-Niiin«: 

from  the  tllNere  pipes. 
When  the  whole  of  the 
metal  has  l.cen  fiiM-d.  the 
air  is  still  allowed  :•»  play 
for  some  time  upon  r 

hen  the  fused  metal 
appears  to    boil  in    OOM6- 

(plelice  of  the  e-capc  of 
bubblesof  ear! 

r  abftiit    two   hour- 
the    tap-hole     is     o| 
and  the  molten  metal  run 
out    int.  ron 

lid  kept  cold  by  water,  in  order  to  chill  the  m.  '  nder  it  brittle. 

The  plate  OJ  '-tained  is  iisuall\   about  •_'  in«'hes  thick. 

The    sla-  'or    '«•/•</''/«/'/)  is  .jeiieially  received  in   a    se|«arate    m..iil.l; 

.•s-ed  l>y  the  formula    : 
\e.|  from  the  silicon    eontaineil  in   the 

.•halite  etl'ected  in  the  composition  of  the  iron  by  the  process  of 
:.-  will   be  app  l-'winu'  table: 


h  for  refining  pig-iron. 
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Refined  Iron. 


Iron, 
Carbon, 
Silicon, 
Sulphur, 
Phosphorus,  . 
Manganese,   . 
Slag,      .         . 


95.14 
3.07 
0.63 
O.Hi 
0.73 

trace 
0.44 

100.17 


The  carbon,  therefore,  is  not  nearly  so  much  diminished  as  the  silicon, 
which  is  in  some  cases  reduced  to  T\,th  of  its  former  proportion  by  the 
refining  process.  Half  of  the  sulphur  is  also  sometimes  removed,  being 
found  in  the  slag  as  sulphide  of  iron.  The  phosphorus  is  not  removed 
to  the  same  extent  in  the  refining  process,  though  some  of  it  is  converted 
into  phosphoric  acid,  which  may  be  found  in  the  finery  cinder. 

The  further  purification  of  the  metal  could  not  be  effected  in  the 
refinery,  since  the  fusibility  of  the  iron  is  so  greatly  diminished  as  it 
approaches  to  a  pure  state,  that  it  could  not  be  retained  in  a  fluid  con- 
dition at  the  temperature  attainable  in  this  furnace,  and  a  more  spacious 
hearth  is  required,  upon  which  the  pasty  metal  may  be  kneaded  into 
close  contact  with  the  oxide  of  iron,  which  is  to  complete  the  oxidation 
and  separation  of  the  carbon.  For  this  reason  the  metal  is  transferred 
to  the  puddling  furnace. 

The  puddling  process  is  carried  out  in  a  reverberatory  furnace  (Figs. 
249,  250)  connected  with  a  tall  chimney  provided  with  a  damper,  so  as 
to  admit  of  a  very  perfect  regulation  of  the  draught.  A  bridge  of  fire- 

FiG.  249. 


Puddling  furnace. 

brick  between  the  grate  and  the  hearth  prevents  the  contact  of  the  coal 
with  the  iron  to  be  puddled.  The  hearth  is  composed  either  of  fire-brick 
or  of  cast-iron  plates,  covered  with  a  layer  of  very  infusible  slag,  and 
cooled  by  a  free  circulation  of  air  beneath  them.  This  hearth  is  about 
6  feet  in  length,  by  4  feet  in  the  widest  part  near  the  grate,  and  2  feet 
at  the  opposite  end  ;  it  is  slightly  inclined  towards  the  end  farthest  from 
the  grate,  and  finishes  in  a  very  considerable  slope,  at  the  lowest  point 
of  which  is  the  floss-hole  for  the  removal  of  the  slag.  Since  the  metal 
is  to  attain  a  very  high  temperature  in  this  furnace  (estimated  at  3000° 
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I •'. ).  it   i-  overed  with  an   iron  <  asing,  so  as  to   prevent  any 

1-1  nir  through  rliink-  in  tli.  Oft 

the   fine   metal    is    dr"ken    up   :in<l    heaped    upon  the 
hearth  of  thi>    furnace,  together  with   admit    1  c\\t.  of  iron  seale> 


I  •   .•••••. 


Puddling  furnmce. 

oxide  of  iron.  FeaO4),  ami  of  /  '•/«/  (davit-  silicate  <»f  iron.  odtained 

in  siidseipi.  'inns),  which  arc  •dded  in  order  to  assist  in  oxidi/in^ 

the   impnritie...      When  tin-  metal  has  fused,  the  mass  is  \\ell  Mim-d  or 
puddled,  so  that  the  oxide  of  iron  may  d«-   ln.-n-lit   into  «-ontart  \\itli 

part  of  the  nu-tal  to  i-tl'rct  tlu*  oxiilat  i«»n  <.f  tin-  impurities.  Tin- 
im-tal  now  appears  to  dnil.  in  i-on>.-(|iM-nee  of  the  escape  of  rardimii- 

.  ami  in  adout  an  hour  from  the  eummeiieemeiit  of  the  |.ii(dll 
much  of  the  curdon  ha-  drrii  removed  that  tlie  fuvidility  of  the  ni»-tal  i- 
considerably  diminished,  and    ii»trad  of  retaining  a  fused  condition  at 
the  temperature  prevailing  in  the  furnace,  it  anilines  a  granular, 
or  '//•»/  -tat..  v|M,ni:y  mosses  of  |mrc  iron  separalini:  or  i-tnnimj  (<>  < 
in  the  fused  mass.     The  puddliin;  of  the  iron  i-  eon  tinned  until  the  \\hoU- 
lias  assumed  this   irrniiulnr  a;  •.  when  the  evolution  ,,f  ,-ardonic 

oxide  cease  >  almost  entindx.  -hou  \\\^  that  the  removal  of  the  ••ardon  is 
nearly  completed.    The  dampn-  is  now  ^raduall\  K)  as  to  increase 

np.T.-iture  and  soften  the  particles  of  iron,  in  order  that  they  may 
be  collected  into  a  mass  ;  and  the  more  easily  to  ellect  thi-.  a  part  of  the 
Blag  is  run  off  through  the  l!  kman  then  collects  some 

iion   upon  the  end  of  the  paddle,  and  rolU  it  adout  on  the  hearth 
until  he  has  collected  a  -«-rt  of  roii^h  |,:ll|  of' iron,  weinhin^  ad<mt  half  a 
hundred  \\ei-ht.     Wlieii  all  the  iron  ha-  been  OOttected  iiilo  dalU  in  this 
.iced    in  the  h<  .  .  ami    pie  — e-i 

\   w  it  h  the  paddle,  so  as  to  squeeze  out  a  portion  of  the  »lajj  with 

uhich  the  :  M  are  tilled.    The  doors  are  then  closed  to  rai.se  tin- 

intei  ioj  ,,f  the  furnace  to  n  ver\  hiuh  t.-mpeiat nie.  and  after  a  short  time, 
when  the  dalls  are  sull'u  -ieiit  I ;.  •  moved  from  the  l'i. 

and  placed  under  a  steam  hammer,  irbioi   squeezes  out  the  liijuid   slag, 
and    !  •..  a  continuous 

•  -a  or  blootn,  which  is  then  passe-.  v  \\hich  it 

I  into  bars.    These  ben,  hlowever  (I: /'•  «»r  /•»/./.. 

.ianl  and  drittle.  and    an-  only  tit   for   sneh  OOOttTIM- 
a«    rnilwa  i    rather    than   great 

,it\,  the    PHI-: 
cut   up  into  short  lengths,  \vh.  .i.to  dundle-,  and  after 
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raised  to  a  high  temperature  in  the  mill-furnace,  are  passed  through 
rollers,  which  weld  the  several  bars  into  one  compound  bar,  to  be  sub- 
sequently passed  through  other  rollers  until  it  has  acquired  the  desired 
dimensions.  By  thus  fagotting  or  piling  the  bars,  their  texture  is  ren- 
dered far  more  uniform,  and  they  are  made  to  assume  a  fibrous  structure, 
which  greatly  increases  their  strength  (Merchant  Bar,  or  No.  2  Bar}. 
To  obtain  the  best,  or  No.  3  Bar,  or  wire-iron,  these  bars  are  doubled 
upon  themselves,  raised  to  a  welding  heat,  and  again  passed  between 
rollers.  These  repeated  rollings  have  the  effect  of  thoroughly  squeezing 
out  the  slag  which  is  mechanically  entangled  among  the  particles  of  iron 
in  the  rough  bars,  and  would  produce  flaws  if  allowed  to  remain  in  the 
metal.  A  slight  improvement  appears  also  to  be  effected  in  the  chemi- 
cal composition  of  the  iron  during  the  rolling,  some  of  the  carbon,  sili- 
con, phosphorus,  and  sulphur,  still  retained  by  the  puddled  iron,  be- 
coming oxidized,  and  passing  away  as  carbonic  oxide  and  slag. 

The  following  table  exhibits  the  change  in  chemical  composition 
which  takes  place  in  pig-iron  when  puddled  (without  previous  refining) 
and  rolled  into  wire  iron  : 


Effect  of  Puddling  and  Forging  on  Cast  Iron. 


In  100  parts. 

Carbon. 

Silicon. 

Sulphur. 

Phosphorus. 

Gray  pig-iron,     .     .     . 

2.275 

2.720 

0.301 

0.645- 

Puddled  bar,  ....            0.296 

0.120 

0.134 

0.139 

Wire-iron,      ....            0.111 

0.088 

0094 

0  117 

About  90  parts  of  bar-iron  are  obtained  from  100  of  refined  iron  by 
the  puddling  process,  the  difference  representing  the  carbon  which  has 
passed  off  as  carbonic  oxide,  and  the  silicon,  sulphur,  phosphorus,  and 
iron,  which  have  been  removed  in  the  slag,  or  tap-cinder,  this  being 
essentially  a  silicate  of  protoxide  and  sesquioxide  of  iron,  varying  much 
in  composition  according  to  the  character  of  the  iron  employed  for  pud- 
dling, and  the  proportions  of  iron-scale  and  hammer-slag  introduced 
into  the  furnace.  Of  course,  also,  the  material  of  which  the  hearth  is 
composed  will  influence  the  composition  of  the  slag.  The  following 
table  affords  an  illustration  of  its  composition: 


Tap- Cinder  from  Puddling  Furnace. 

Protoxide  of  iron  (FeO), 
Peroxide  of  iron  (Fe2O3), 
Silicic  acid,  . 
Phosphoric  acid,  . 
Sulphide  of  iron,   . 
Lime,    . 

Oxide  of  manganese, 
Magnesia, 


57.67 
13.53 
8.32 
7.29 
7.07 
4.70 
0.78 
0.26 

99.62 


The  lime  in  the  above  cinder  was  probably  derived  from  the  hearth  of 
the  furnace,  which  is  sometimes  lined  with  that  material  to  assist  in 
removing  the  sulphur. 


BB88BMER    PROCESS. 

II    pi-    iroll    I-    puddled    Without     II! 

nob  in,, r.-   li<|iiiil    than  retiti-  .IM!    tin-  pTQOMI  Ifl 

•/  process,  whilst  refund  iron  undergoes  dry 

It  will   lie  observed  that  this  process  of  puddling  is  att« -nded  with 
d  i -ad  \  aiitages;  it  involves  a  great  expenditure  of  manual 

labor,  and    of  a    most   exhausting   kind;   t  he  \.-r\   lii^h   tempera!  HIT   t«» 
which  tin-  puddler  is  exposed  renders  him  liable  t<>  lung  disea-- 
cataract  is  n..t  uncommonly  caused  l.y  the  intense  li^ht  from  the  glowing 
and  tear  of  thr  puddling  furnace  is  very  considerable, 

:,  or'ele\en  charges  of  ab< >ut  livccwt- 

in  tlir  course  of  twenty-four  hours,  it  is  nece-  <>rk  live  or  six 

puddling  furnaces  at  once,  in  order  t-,   con\crt    into   liar-iron  tin-  whole 
of  the  ca-t  iron  turned  out  from  a  single  Ma>t  fnrnarc.      'l'ln--«-  «>nsider- 

have  led  to  several  attempts  to  improve  the  puddling  i 
emplo\inur   r»'volving  furnaces  and   otlu-r  mechanical    a: 
sup.  i^  heavy  manual   lal.or.  ami    even    to   dispense  with   it  alto- 

:ILJ   the   air    int«.  the   imilten    inm.      The  most  generally 
,   o'f  the   procc^e*   ilevi>ed   for  \\\\<   purpose  is  that  of  I'M  — mi.T, 
which  in  running  the  me!'  ron  into  a  IIULM-  cru.-il. 

-  air  np  through  it  under  consideral.le  pressure,  thu^  c.,mliining 
.rif\ing   intluence    of  the  blast   of  air  in  the  refinery    with   the 

mechanical   agitation    eile.-te«|    in   the 
Km.  asi.    ^^  puddling  furnace.    Bessemer'sr" 

in  [i  is  a  large,  nearly 

cylindrical    crucible   of  wrought  iron, 
lined    with    lire-clay,  having  apertures 
1    the   bottom,  throuirh  uhich   air 
is    Mown  at  a  pressure  of  fifteen  "i 

twenty   i mis   upon   the    inch.      Thi> 

vessel  is   sometimes   large  enough  to 

^ ^  r.  u    tool    of  cast    iron     fir    a 

Be~mef.coorertiDgTe.el.  char-c.     The  metal  havin-  been  m. 

in    a  separate    tun,        .  n  into   the 

convenini:  vess,-!,  the  blast  being  alread\  turned  «.n  so  that  the  liquid 
iron  ma\    iM>t   run  into   the   ai:  'I'he    iron    luirns  \i\idl\,  and   the 

•  •firon  p1  i  in  a  melted  liate ibroagfa toe  mass  of 

•  lit   of  air.      This   oxide   of  iron    acts    upon    the 
i   carbon  ii.  the  cast  in  ••  'iu^  the   latter   in- 

.  which   burns  with   flame  at   the   mouth   of  the  converter.  :md  the 
into  niliric  acid,  which  enters  into  the  *\:\x.  and  I  ;   u|»  as 

i  to  the  v  ;  |M.  liquid  iron.      The  bla-t  ofair 

I,  when  the  di-appeaiance  of  the  Maine 

of  carbon..  pletion    of    the    process;    but    the 

remaininir  purified  iron  i>  not    pasty,  as  in  the    puddling   furnace,  bein^ 

•  !y  liquid  condition    by  the    hiiih  I 

Illg  ff  •  that    the    metal  may  be 

b\   tilting   t!  vessel,  whi.-h    is    usually 

hung   upon  trunnions.      hi  this  way  a  ••!'   bar  -i; 

• 

Although  so  ,:id    labor  would   n-stilt   from 

i  • 

the   sulphur  and    phi»>p|uiriis 
:ly  the    I .. 

Id  a  bar-iron  of  good  quality 
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when  purified  in  this  way.  Moreover,  the  process  is  applicable  only  to 
gray  iron  rich  in  carbon  and  silicon,  which  is  more  expensive  than  the 
light  forge  irons  treated  in  the  puddling  furnace.  Its  application  to  the 
manufacture  of  steel  will  be  noticed  hereafter.  The  effect  of  the  Bes- 
semer process  upon  a  particular  specimen  of  pig-iron  is  shown  in  this 
table— 


In  100  parts  of  Pig-iron. 

Before. 

After. 

Carbon,     

3.309 

0.218 

Silicon,      

0.595 

none. 

Sulphur 

0485 

0  402 

Phosphorus,  

1.012 

1.102 

Composition  of  Bar- Iron.. — Even  the  best  bar-iron  contains  from  0.1  to 
0.3  per  cent,  of  carbon,  together  with  minute  proportions  of  silicon,  sul- 
phur, and  phosphorus.  Perfectly  pure  iron  is  inferior  in  hardness  and 
tenacity  to  that  which  contains  a  small  proportion  of  carbon. 

Bar-iron  is  liable  to  two  important  defects,  which  are  technically 
known  as  cold-shortness  and  red-shortness.  Cold-short  iron  is  brittle  at 
ordinary  temperatures,  and  appears  to  owe  this  to  the  presence  of  phos- 
phorus, of  which  element  0.5  per  cent,  is  sufficient  materially  to  diminish 
the  tenacity  of  the  iron.  When  the  iron  is  liable  to  brittleness  at  a  red 
heat,  it  is  termed  red-short  iron,  and  a  very  little  sulphur  is  sufficient  to 
affect  the  quality  of  the  iron  in  this  respect. 

There  is  much  difference  of  opinion  as  to  the  true  causes  of  the  varia- 
tion in  the  strength  of  wrought  iron,  and  this  is  not  surprising  when  we 
reflect  upon  the  number  of  circumstances  which  may  be  reasonally  ex- 
pected to  exert  some  influence  upon  it.  £sTot  only  the  proportions  of 
carbon,  silicon,  sulphur,  phosphorus,  and  manganese  may  be  supposed 
to  affect  the  quality  of  the  iron,  but  the  state  of  combination  in  which 
these  elements  exists  in  the  mass  is  not  unlikely  to  cause  a  difference. 
It  also  appears  certain  that  the  mechanical  structure,  dependent  upon 
the  arrangement  of  the  particles  composing  the  mass  of  metal,  has  at 
least  as  much  influence  upon  the  tenacity  of  the  iron  as  its  chemical 
composition. 

The  best  bar-iron,  if  broken  slowly,  always  exhibits  a  fibrous  struc- 
ture, the  particles  of  iron  being  arranged  in  parallel  lines.  This  appears 
to  contribute  greatly  to  the  strength  of  the  iron,  for  when  it  is  wanting, 
and  the  bar  is  composed  of  a  confused  mass  of  crystals,  it  is  weaker  in 
proportion  to  the  size  of  the  crystals.  The  presence  of  phosphorus  is 
said  to  favor  the  formation  of  large  crystals,  and  hence  to  produce  cold- 
shortness.  There  is  some  reason  to  believe  that  the  fibrous  is  some- 
times exchanged  for  the  crystalline  texture  under  the  influence  of  fre- 
quent vibrations,  as  in  the  case  of  railway  axles,  girders  of  suspension- 
bridges,  &c. 

Considering  the  difficult  fusibility  of  bar-iron,  it  is  fortunate  that 
it  possesses  the  property  of  being  welded,  that  is,  of  being  united  by 
hammering  when  softened  by  heat.  It  is  customary  first  to  sprinkle 
the  heated  bars  with  sand  or  clay  in  order  to  convert  the  superficial 
oxide  of  iron  into  a  liquid  silicate,  which  will  be  forced  out  from  be- 
tween them  by  hammering  or  rolling,  leaving  the  clean  metallic  sur- 
faces to  adhere.  Burnt  iron  does  not  weld,  and  is  largely  crystalline 
in  structure. 
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Steel  dilfer-    '  II.. n    in   possessing  tin-   property   of    !-. 

ing  very  hard  and   hrinle  when   heat.  >6M  and   tlu-u   -uddrnly 

cooled  I    into  wa'  Vctly  pun-  iron,  ol.taiie 

the  eliM-trot\  pe  proeess,  is  n, ,t  hardened  l.\  'Hi  all  har- 

"ii  doe-  exhil>it  this  property  in 

degree  according  '•>  tin-   proportion  "I"  carl.on    present.      It  does  n-.t    I..-- 
come  d«M-i.li-i||\  r,  until  tin-  c:irl>«»n  :i!ii<Mints  to  0.  1  |..-r  c.-nt. 

Tin-  li:ir«l«".t  .sti-rl  contains   al.oiit    l.-J  j,,.r  c»-iit.  of  c:irl.«>n.  ami  \vln-n    tin- 
propoi  .-Niiim-   tin-    !>!• 

whitr  cast  iron,      r.ar-in.n  max .  tlici vt'oiv.  I..-  conv.Ttc.l  into  ^tcd  l.y  tin- 
addition    of  al>ont     1    |..-r   cent,  of   carl.on.  and.  c<.n\  i-i'-cl\ .  ca-t    i 
converted    into   >tcd  when  tin-  i|iiantity  <>f  rarlH.n    contained    in   il 
to  that    amount.      Tlu-iv    nn-    thus    two    |»nirr».srs    l»y  whic 
•    prodm-cd:  hut  that   whidi  is  rin|»l<>yrd  almost  e\du-,i\el\   in  this 
country  <-onM>ts    in    coinhiniiiLT    liar-imn    with    the    rc(|iii^itc    amount  of 
carhon  l»y  what  i>  technically  known  M  I    I»»MIILC  ini- 

I  in  charcoal  and  ex|>o>cd  for  several  days  to  a  high  tempera!  m v. 

The    0|X»ration    I-    etieeted    ii,    l:ir-e    cbe«U  Of  flrebdok    «>r   *tone.   aliout 
10  Or   I'J  feet   lon^r  |,y  :;   feet   \\ide  and  ::   feet   .lec|.. 

252. 


.ice  for  converting  bar-iron  into  »teeL 

Two  of  tl  '-  are  1-nilt   iii' 

furnti  .  -o  that  tin-  liar  "iind  t  hem.  and  t  he 

furnace  is  ..iirroiindi-d  with  a  conical  jacket  of  l.rick«ork  in  order  to  allow 
asten<i  .itnre  to  he  maintained  in  it  for  some  da\  •>.     The  diarc'-al 

\%  ground  so  as  to  pass  though  n  i    m.  ,h.  .m  i 

,|.o||     llle      l.ottom     of     (he     el.,       '  -.         I     ;,..||     \\i\*    \  |l(      ! 

iron,  which  must   l.e  of  the  Lest  tjualily.  are  laid  in  n-^nlar  order.  :i  ^mall 
left    I.etueeli    them,    \\lii. 'h    i-*   afterward-    tilled    in    with   the 

r  of  \\  hidi  the  Lars  are  no\\ 

this  n  -hen   another  charfoal,  and  so  t»n  until 

the    t  hest    is  tilNd.       Maeh    ehe-t    i  -f   the 

bar*  18  allowed    to    project    thr..u^h  an  'I  of  the 

i\    withdraw  it    from    time  to  time   and  jn- 

I  he  whole  is  covered    in  with  a  la\er  of 
'.f  damp  da\    or  -and. 
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The  fire  is  carefully  and  gradually  lighted,  lest  the  chests  should  be 
split  by  too  sudden  application  of  heat,  and  the  temperature  is  eventu- 
ally raised  to  about  the  fusing-point  of  copper  (2000°  F.),at  which  it  is 
maintained  for  a  period  varying  with  the  quality  of  steel  which  it  is  de- 
sired to  obtain.  Six  or  eight  days  suffice  to  produce  steel  of  moderate 
hardness ;  but  the  process  is  continued  for  three  or  four  days  longer  if 
veiy  hard  steel  be  required.  The  fire  is  gradually  extinguished,  so  that 
the  chests  are  about  ten  days  in  cooling  down. 

On  opening  the  chests,  the  bars  are  found  to  have  suffered  a  remark- 
able change  both  in  their  external  appearance  and  internal  structure. 
They  are  covered  with  large  blisters,  obviously  produced  by  some  gase- 
ous substance  raising  the  softened  surface  of  the  metal  in  its  attempt  to 
escape.  It  is  conjectured  either  that  the  small  quantity  of  sulphur  pres- 
ent in  the  bar-iron  is  converted  into  bisulphide  of  carbon  during  the 
cementation  process,  and  that  the  vapor  of  this  substance  swells  the 
softened  metal  into  bubbles  as  it  passes  off;  or  that  the  blisters  are 
caused  by  carbonic  oxide  produced  by  the  action  of  the  carbon  upon 
particles  of  slag  accidentally  present  in  the  bar.  On  breaking  the  bars 
across,  the  fracture  is  found  to  have  a  finely  granular  structure,  instead 
of  the  fibrous  appearance  exhibited  by  bar-iron.  Chemical  analysis 
shows  that  the  iron  has  combined  with  about  one  per  .cent,  of  carbon, 
and  the  most  remarkable  part  of  the  result  is  that  this  carbon  is  not 
only  found  in  the  external  layer  of  iron,  which  has  been  in  direct  contact 
with  the  heated  charcoal,  but  is  also  present  in  the  very  centre  of  the 
bar.  It  is  this  transmission  of  the  solid  carbon  through  the  solid  mass 
of  iron  which  is  implied  by  the  term  cementation.  The  chemistry  of  the 
process  probably  consists  in  the  formation  of  carbonic  oxide  from  the 
small  quantity  of  atmospheric  oxygen  in  the  chest,  and  the  removal  of 
one-half  of  the  carbon  from  this  carbonic  oxide,  b}'  the  iron,  which  it 
converts  into  steel,  leaving  carbonic  acid  (2CO  —  C  =  C02)  to  be  re- 
converted into  carbonic  oxide  by  taking  up  more  carbon  from  the  char- 
coal (C02  +  C  =  CO),  which  it  transfers  again  to  the  iron.  Experiment 
has  recently  shown  that  soft  iron  is  capable  of  absorbing,  mechanically, 
4.15  volumes  of  carbonic  oxide  at  a  low  red  heat,  so  that  the  action  of 
the  gas  upon  the  metal  may  occur  throughout  the  substance  of  the  bar. 
The  carbonic  oxide  is  retained  unaltered  by  the  iron,  after  cooling,  un- 
less the  bar  is  raised  to  the  temperature  required  for  the  production  of 
steel. 

The  blistered  steel  obtained  by  this  process  is,  as  would  be  expected, 
far  from  uniform  either  in  composition  or  in  texture ;  some  portions  of 
the  bar  contain  more  carbon  than  others,  and  the  interior  contains  nu- 
merous cavities.  In  order  to  improve  its  quality,  it  is  subjected  to  a 
process  of  fagotting  similar  to  that  mentioned  in  the  case  of  bar-iron  ; 
the  bars  of  blistered  steel,  being  cut  into  short  lengths,  are  made  up  into 
bundles,  which  are  raised  to  a  welding  heat,  and  placed  under  a  tilt- 
hammer  weighing  about  2  cwt.,  which  strikes  two  or  three  hundred  blows 
in  a  minute  ;  in  this  way,  the  several  bars  are  consolidated  into  one  com- 
pound bar,  which  is  then  extended  under  the  hammer  till  of  the  required 
dimensions.  The  bars,  before  being  hammered,  are  sprinkled  with  sand, 
which  combines  with  the  oxide  of  iron  upon  the  surface,  and  forms  a 
vitreous  layer  which  protects  the  bar  from  further  oxidation.  The  steel 
which  has  been  thus  hammered  is  much  denser  and  more  uniform  in 
composition ;  its  tenacity,  malleability,  and  ductility  are  greatly  in- 
creased, and  it  is  fitted  for  the  manufacture  of  shears,  files,  and  other 
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tool-..      It  is  roMuii'.iilv  known  as  thear  steel.      I>«>nl.lr  shear  -lee] 
tained  by  breaking  tin-  tilted  bars  in  two, ami  welding  these  into  a  com- 
ponnd 

The  best  variety  of  steel,  however,  which  'ly  homo^m. -»\i^  m 

composit  inn.  i»    tli:it   known  as  (MM  .      •    obtain  which,  about  :i«»    Ibs. 

of  blistered  steel  are  broken   into  fragments,  and  fused  in   a  lire  clay  or 
plumbago   crucible,  heated  in    n  \\  ind-furnace.  tin-   - 

being  I  t'nmi    oxidation  by  a  little  glass    melted  upon    it.      The 

fused-  -ist  into  ingots,  several  crucibles  being  emptied  simulta- 

neously into  the  same  mould.      Cast  steel  is  far  -up,. nor  in  densi- 
hardness  to  shear  steel,  but  since  it  is  exceeding)  brittle  at  a  red  heat, 
is  necessary  in  forning  it.      It  h:i  mnd  that   tin-   addi- 

tion.  to  |oo  parts  of  the  cast  M  eel.  of  one  part  of  a  mixture  of  el. 

ide  of  maiiL'anrM-.  product's  a  very  fine-grained  -te»-l  whidi  admits 
ng  cast  on  to  a  l.aroi  \vronglit  iron  in  the  ingot-mould,  so  that  tin- 
tenacity  of  t he   latter  may  compensate    for  the   In  ittlcness  ,,f  t he  steel 
when  the  compound  bar  is  forged,  the  wrought  iron  forming  the  I 
the  implement,  and  the  steel  its  cutting  edge. 

Thi-   ad.lit ion  of  manganese  to  the  cast  steel  (  Heath's   patent)  has 

1   a   -i«  at  reduction  in  its  cost,  allowing  the  use  of  blister 

mad.-    from    British  bar-iron,  whereas.  U-for,-    it.    introduction,  only  the 

expensive   iron  of  Swedish  or  Kii-.ian  make   could  be  employed.      Only 

traces  of  manganese  pass  into  the  steel,  the  bulk  of  it  to  the 

i  apparently,  carrying  tin-  sulphur  and  phosphoric  with  it. 

n  forced  into  the  shape  of  any  implement,  it  is 
ing  heated  to  redness, and  suddenly  chilled  in  cold  \\ai. -r. 
or  oil,  or  mercury.     It  can  thus  be  rendered  -hnrdasd 

>ne  time  increasing  slightly  in  volume 
hardenm-.  T.66),      The   chemical  ditlereiK'. 

ts  to  lie  of  the  same  kind  as  that   between  gray  and  white  east   iron 
;<i),  the  great  proportion  -irlMin  in  hard  steel  l.eini;  in  com- 

bination with  t!  ^oft  steel  the  greater  part  seems  to  be 

in  intimate  mechanical  admixture  with  tin-  iron,  for  it  i-  !  ,.l\ed 

<>n   t  ica;  ing  the  steel  with  an   acid.      If  the  hardened  steel  be  beat 
redness,  and  allowed  to  cool  slowly,  it  U  Mpftffl  converted  into  soft  steel, 
but  b\  heat  i uur  it  to  a  temperature  -\\»r\  of  a  red  heat,  it.  hardness  may 
1\  reduced.      This  is  taken  advantage  of  in  annealing  the 

the  proper  temper.     T 

noBt  as  brittle  as  glass,  and  totally  unfit  for  any  ordinary  n 
b)  heal  inn  it  to  a  given  temperature  and  allowing  it  to  cool,  its  eh 

creased  to  the  desired  extent,  without    re.lneinn   its  hardness 
toi  -the  implement   in  hand.     <  hi  heat  ing  a  steel  blade 
•dl\   over  a  tlame.  it   will  acquire  a  li-ht  \ellow  OOlOl  -  tern 

pcrnti  :nation  of  a  thin  film  ot  oxide  ;  as 

BM  of  the  film  increases,  and  at    17"     a 

||OH  color  is  seen,  which  assum,.-    a  brown  |b  '    ,  be- 

\t  a  still  higher  temperature 
M    so  thick    as  to  be  black    and    Opaque. 
which  •    .  and  allowed  to  OOOl  -lowl\  .  [| 

;  \    line    cutting 

A  hil-t.  it  .  it   is  UM  i  \'i  \ 

.  but  has  n  \«-r\  hi  nh  degree  of  elastic  it  \ .      The  1  '..llo\*  inn  table 
it«-s  the  temp<  r  various  imp.- 
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Tempering  of  Steel. 


Temperature,  F. 

Color. 

Implements  thus  tempered. 

430  to  450°. 

Straw-yellow. 

Razors,  lancets. 

470°. 

Yellow. 

Penknives. 

490°. 

Brown-yellow. 

Large  shears  for  cutting  metal. 

510°. 

Brown-purple. 

Clasp-knives. 

520°. 

Purple. 

Table-knives. 

530°  to  570°. 

Blue. 

Watch-springs,  sword-blades. 

If  a  knife-blade  be  heated  to  redness,  its  temper  is  spoilt,  for  it  is  con- 
verted into  soft  steel. 

In  general,  the  steel  implements  are  ground  after  being  tempered,  so 
that  they  are  not  seen  of  the  colors  mentioned  above,  except  in  the  case 
of  watch-springs. 

A  steel  blade  may  be  easily  distinguished  from  iron  by  placing  a  drop 
of  diluted  nitric  acid  upon  it,  when  a  dark  stain  is  produced  upon  the 
steel,  from  the  separation  of  the  carbon. 

Some  small  instruments,  such  as  keys,  gun-locks,  &c.,  which  are  ex- 
posed to  considerable  wear  and  tear  by  friction,  and  require  the  external 
hardness  of  steel  without  its  brittleness,  are  forged  from  bar-iron,  and 
converted  externally  into  steel  by  the  process  of  case-hardening,  which 
consists  in  heating  them  in  contact  with  some  substance  containing 
carbon  (such  as  bone-dust,  yellow  prussiate  of  potash,  &c.),  and  after- 
wards chilling  in  water.  A  process,  which  is  the  reverse  of  this,  is 
adopted  in  order  to  increase  the  tenacity  of  stirrups,  bits,  and  similar 
articles  made  of  cast  iron  ;  by  heating  them  for  some  hours  in  contact 
with  oxide  of  iron  or  manganese,  their  carbon  and  silicon  are  removed 
in  the  forms  of  carbonic  oxide  and  silicic  acid,  and  they  become  con- 
verted into  malleable  cast  iron. 

The  opinion  that  steel  owes  its  properties  entirely  to  the  presence  of 
carbon  is  not  universally  entertained.  Some  chemists  believe  that 
nitrogen  (or  some  analogous  element)  is  an  indispensable  constituent, 
but  the  proportion  of  nitrogen  found  in  steel  is  too  minute  to  warrant 
this  supposition.  Titanium  is  alleged  by  some  authorities  to  have  an 
important  influence  upon  the  quality 'of  steel,  but  this  also  appears  to  be 
a  doubtful  matter.  Bar-iron  may  be  converted  into  steel  by  being  kept 
at  a  high  temperature  in  an  atmosphere  of  coal-gas,  from  which  it  ab- 
stracts carbon. 

Bessemer  steel  was  originally  produced  by  arresting  the  purification  of 
cast  iron  in  Bessemer's  process  (page  346),  as  soon  as  the  carbon  had 
diminished  to  about  1  per  cent.,  when  the  steel  was  poured  out  in  the 
fused  state,  i.e.,  in  the  form  of  cast  steel.  A  steel  of  better  quality, 
however,  has  been  obtained  by  continuing  the  purification  until  liquid 
bar-iron  remains  in  the  converter,  and  introducing  the  proper  proportion 
of  carbon  in  the  form  of  a  peculiar  description  of  white  cast  iron,  known 
as  Spiegel-eisen  (mirror  iron),  which  crystallizes  in  lustrous  tabular 
crystals,  and  contains  large  proportions  of  carbon  and  manganese,  being 
obtained  by  smelting  spathic  iron  ore  rich  in  manganese,  with  charcoal 
as  fuel.  The  Spiegel-eisen  is  added,  in  a  melted  state,  to  the  Bessemer 
iron  before  pouring  from  the  converter. 
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'I'!"--  compoeition  of  a  sample  of  i   from  a  s] 

,  '  V  in  I'niss 


ore,  '  V  in    'niss 

.....         .     82.86 

10.71 

. 
rurhoii,  ...... 

.nyeneou*  iron,  as  it  is  called,  is  really  n  i/i//«/  steel.  contninini:  a 
low  percentage  of  carlMui,  and  obtained  by  fusing  tin-  bett  Swedish  bar- 
iron  with  carbonaceous  matters.  It  i-  n  -niarkable  t'<>r  its  malleability 
and  toughness,  and,  having  undergone  complete  fusion.  it  is  more  likelv 
to  IKJ  homogeneous  in  composition  and  struetute  than  wrought  iron 
produced  by  puddling. 

/''/'/-//"/  ned   by  arresting  the  puddling  process  at  an 

earlier  stage  than  usual,  so  as  to  leave  a  proportion  of  carbon  varying 
from  0.3  to  1.0  per  cent. 

i  a  similar  way,  from  tin-   in- 

complete jMiritiration  of  cast  ir<»n  in  the  relinery.     The  e  of  man- 

ganese in  the  iron  is  fa  to  it-  production. 

.  manufactured  at  Ksseii  near  Cologne,  and  employed 

for  ordnance,  shells.  &c.,  is  a  puddleil  steel  ni:idr  t'nun  hii-inat  ite  and 
Spathic  ore,  smelted  with  coke.  The  iron  thus  obtained  contain-  much 
manganese,  which  i>  removed  in  the  puddling  process.  Krnpp's  steel 
Contains  about  l.-J  per  cent,  of  c..ml.ine(l  em  !...n.  and  is  fns,.,|  \\ith  a 
little  bar-iron  for  casting  ord  name.  The  fu>i<>n  i-  in  blaek 

-,  holding  :;<>  \\>*>.  each,  of  which   as   many  as  IJim  ar«-  emptied 
dtaneously  into  the  mould  for  the  largest  t   1<; 

t«-ns  requires  about  400  men,  who  act  together  in  well  disciplined  gangs, 
so  that  the  stream  of  molten   metal  shall  flow  continuously  ;i|,,|,._.  the 
gutters  int<»  the  mould.    Such  large  casting-  mn>t  be  allowed  to  OOOJ  • 
gradually,  SO  that  they  are  kepi  i.-d  with  hot  cinders,  somet  i: 

tor  two  or  three  month>.  till  required  for  forging. 

liT.  Direct  1.  *  of  Wrought  Iron  frm  .     \Vh.-i. 

ricli  :md  pure  ores  of  iron,  such  as  haemfttite  and  magnetic  ii-.-n 

obtainable,  and  fuel  is  abundant,  the  metal  is  sometimes  extracted  with- 

out being  coir  tOOMt    iron.    It  U  probable  t  hat  t  he  iron  of  ant  i«p 

.    was  extracted  in  this  way,  for   it  is  doubtful  \\hei  FOB  was 

known  to  the  ancients,  and  the  slag  le  ft    from   old    ir-  not 

indicate  the  use   of  any  llux.      Some  \\..rks   of  this   description  are   still 

:  '\  renees,  where  the  Cm  \M  empl..\.d. 

il-lc  is  lined  at  the  sj.les  with  thick  in-n   ,  I  at  the   bot- 

\siih  a  i.  '  \   (inantity  of  red-hot  ehan-oal    is  thrown 

ti-mp«»raril\   di\  ided    int..  t  \\  o   e..m- 

ti  !-\    a  |j  :tmeiit   neai'i-st   to  the   pipe,  through 

li  the  lila  iier  eompartr 

;   with  tip  I    ore    in  small  !  -vel    is    then  with- 

drawn, and  a  gradual!  ,  ing  coireat  of  air  supplied,  1  :md 

fuel   beinu'  ad  ••>    siukdo.vii.      (  >ne    part   Of  MM  '    ir-'ii   is 

tallie  ".sta1  IH!    the    rest   eom- 
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bines  with  the  silica  present  in  the  ore  to  form  a  slag.  After  about  five 
hours,  the  spongy  masses  of  bar-iron  are  collected  into  a  ball  upon  the 
end  of  an  iron  rod,  and  hammered  into  a  compact  mass  like  the  metal 


FIG.  253. 


Catalan  forge  for  smelting  iron  ores. 

obtained  in  the  puddling  furnace.  The  blowing  machine  employed  in 
the  Pyrenees  is  one  in  which  the  fall  of  water  from  a  cistern  down  a 
long  wooden  pipe,  sucks  in,  through  lateral  apertures,  a  supply  of  air, 
which  it  carries  down  with  it  into  a  box,  from  which  the  pressure  of  the 
column  of  water  projects  it  with  some  force  through  the  blast-pipe,  the 
water  escaping  from  the  box  through  another  aperture. 

In  the  North  American  bloomery  forges  a  modernized  form  of  the 
same  process  is  adopted. 

The  wrought  iron  produced  by  this  process  always  contains  a  larger 
proportion  of  carbon  than  puddled  iron,  and  is,  therefore,  somewhat 
steely  in  character. 

218.  Extraction  of  Iron  on  the  Small  Scale. — In  the  laboratory,  iron  may  be  ex- 
tracted from  baematite  in  tbe  following  manner  :  A  fire-clay  crucible  (A,  Fig.  254), 
about  3  inches  high,  is  filled  with  damp  charcoal  powder,  rammed  down  in  succes- 
sive layers ;  a  smooth  conical  cavity  is  scooped  in  the  charcoal,  and  a  mixture  of  100 
grs.  red  haematite,  25  grs.  chalk,  and  25  grs.  pipe-clay,  is  introduced  into  it;  the 
mixture  is  covered  with  a  layer  of  charcoal,  and  a  lid  placed  on  the  crucible,  which 
is  heated  in  a  Sefstrom  blast-furnace,1  fed  with  coke  in  small  pieces,  for  about  half 


1  This  very  useful  furnace,  shown  in  section  in  Fig.  254,  consists  of  two  iron  cylinders  with  a  space 
(B)  between  them,  into  which  air  is  forced  through  the  tube  C  by  a  double-action  bellows.  The  inner 
cylinder  has  a  fire-clay  lining  (D),  through  which  four  or  six  copper  tubes  (E)  admit  the  blast  into 
the  fuel. 
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r      (in   l.rcaking  the  cold  will   !>••  oft 

may  be  prepared  by  fusing  the  best  wire-iron  wr 

of  iU  w< 

Fit..  2-M  <li/.«-  th<-  rnrbon  and  filicon  wl,  tains. 

fr<  ••  employed  as  u 

ill.-  .ni.il.:--  i  with  its  cover  well  <••  • 
with  tir.-<  lay)  exposed  for  an   hour  I"  u 
hit'i  \         .      \   button  of  ir..ii 

will  tli-  i,  IM-  obtained. 


lies  of  Iron. — 

In  it-  ordll  Iition.  iron   is   unaf- 

fected   by  perfectly  dry  air,  but    in    the 
n,ni»c«.  senCC    Of    moist  un  ally 

converted  into  hydrat 
iron  (-J  H.O),  orr»/>7.      This  conversion  takes   place  more  rapidly 

when  carbonic  acid  is   present,  water  beinur  then  decomposed,  an 

iron   formed   ( Fe  +  H,O  +  CO,  =  FeO.CO,  +    H,);   this   is 
ed  by  the  carbonic  acid  present,  and  the  solnt 

oxygen   from  the  air,  depositing  the  sesquioxide  of  iron   in  a   h\drated 
state— 

2(FeO.COJ     +     0    =     Fe,0,    +    2COr 

When  iron  nails  are  driven  into  a  new  oaken  fence,  a  black  streak  will 
SOOn  be  observed  descending  from  each  na  rmation  of 

tannate  of  iron  (ink)  by  the  action  of  the  tannic  acid  in  the  wood  upon 
the  solution  «.f  carbonate  of  iron  formed  from  the  nails.     The  diil'usioii 
-   through  the  fibre  of  wet    linen   by  contact   with  a 
nail,  is  also  caused  by  the  formation  of  solution  of  carbonate  of  iron. 
The   iron  in  <  fmh/f^-ate  waters  is  also  ".em-rally  present  in   the    form  of 
i\ed  in  carbonic  acid,  and  hence  the  rusty  deposit  which 
is  formed  when  they  are  <  :<>  the  air.     Iron  does  not  rust  in  water 

containing  a  free  alkali,  or  alkaline  earth,  or  an  alkaline  carbon v 

ated   sulphuric  and   nitric  acids  do  not  act  upon    iron  at  the 
ordinary    temperature,  though    they    dissolve    it    rapidly    when    diluted, 
when  boiling,  strong  sulphuric  acid  acts  upon  it  but  slowly.    When 
iron  has  been  immersed  in  strong   nitric  acid  found 

to   be  unacted    upon    when  subsequently   placed    in    diluted    nitric 
unless  previously  wiped;   it  is  then  said   to  have  n- 

If  iron    wire    be    placed    in    nitric  acid    of  sp.  UM-.   ! 
upon  1\.  but  if  a  piece  of  gold  or  platinum   be  made  U) 

it  beneath  the  acid,  the  iron  assumes  the  passn  .  and  the 

ceases  at  once.    A  state  similar  t<>  this,  the  cause  of  which  has  i 

d,  is  sometimes  assumed  by  other  D 
though  in  a  les*  marked  de_ 

220.  Iron. — Three  compounds  of  iron   with   oxygen   are 

known  in  the  separate  state,  and  one  is  believed  to  exist  In  certain  oom* 

ds — 

Se»qi;i"\!<|e    or    pe|o\ide    "' 

I     I 

PeO 

if  little  known  in  the  s,  count 

of  the  M  with  which  it  absorbs  oxygen  and  forms  sesquiox 
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iron.  If  a  little  potash  or  ammonia  be  added  to  a  solution  of  the  green 
sulphate  of  iron  (FeO.S03),  a  whitish  precipitate  of  hydrated  protoxide 
of  iron  is  formed,  which  immediately  absorbs  oxygen,  and  is  converted 
into  the  dingy  green  hydrate  of  the  magnetic  oxide ;  on  exposing  this 
to  the  air,  it  absorbs  more  oxygen  and  becomes  brown  hydrated  peroxide. 
This  disposition  of  the  hydrated  protoxide  to  absorb  oxygen  is  turned 
to  advantage  when  a  mixture  of  sulphate  of  iron  with  lime  or  potash  is 
employed  for  converting  blue  into  white  indigo.  The  protoxide  of  iron 
is  a  strong  base. 

Peroxide  or  red  oxide  of  iron  has  been  already  noticed  among  the 
ores  of  iron,  and  has  also  been  referred  to  as  occurring  in  commerce 
under  the  names  of  colcothar,  jeweller's  rouge,  and  Venetian  red,  which 
are  obtained  by  the  calcination  of  the  green  sulphate  of  iron — 

2(FeO.S03)     =     Fe.203     +     S03    +     S03. 

The  h^ydrated  peroxide  (2Fe203.3H20),  obtained  by  decomposing  a  solu- 
tion of  perchloride  of  iron  with  an  alkali,  forms  a  brown  gelatinous  pre- 
cipitate, which  is  easily  dissolved  by  acids ;  but  if  it  be  dried  and 
heated  to  dull  redness,  it  exhibits  a  sudden  glow,  and  is  converted  into 
a  modification  which  is  dissolved  with  great  difficulty  by  acids,  although 
it  has  the  same  composition  as  the  soluble  form  which  has  not  been 
strongly  heated.  When  the  peroxide  of  iron  is  heated  to  whiteness,  it 
loses  oxygen,  and  is  converted  into  magnetic  oxide  of  iron,  3Fe.203  = 
2Fe304  -f  0.  Existing  as  it  does  in  all  soils,  sesquioxide  of  iron  is 
believed  to  fulfil  the  purpose  of  oxidizing  the  organic  matter  in  the  soil, 
and  converting  its  carbon  into  carbonic  acid,  to  be  absorbed  by  the 
plant;  the  sesquioxide  being  thus  reduced  to  protoxide,  which  is  oxidized 
by  the  air,  and  fitted  to  perform  again  the  same  office.  The  sesquioxide 
of  iron,  like  alumina,  is  a  weak  base,  and  even  exhibits  some  tendency 
to  play  the  part  of  an  acid  towards  strong  bases,  though  not  in  so 
marked  a  degree  as  alumina. 

Magnetic  or  black  oxide  of  iron  is  generally  regarded  as  a  compound 
of  the  protoxide  with  the  sesquioxide  of  iron  (FeO.Fe.2O3),  a  view  which 
is  confirmed  by  the  occurrence  of  a  number  of  minerals  having  the  same 
crystalline  form  as  the  native  magnetic  oxide  of  iron,  in  which  the  iron, 
or  part  of  it,  is  displaced  by  other  metals.  Thus,  spinelle  is  MgO.Al2O3; 
Franklinite,  ZnO.Fe203 ;  chrome-iron  ore,  FeO.Cr2O3.  The  natural  mag- 
netic oxide  was  mentioned  among  the  ores  of  iron,  and  this  oxide  has 
been  seen  to  be  the  result  of  the  action  of  air  or  steam  upon  iron  at  a 
high  temperature.  The  hydrated  magnetic  oxide  of  iron  (Fe304.H2O)  is 
obtained  as  a  black  crystalline  powder  by  mixing  one  equivalent  of  pro- 
tosulphate  with  one  equivalent  of  persulphate  of  iron,  and  pouring  the 
mixture  into  a  slight  excess  of  solution  of  ammonia,  which  is  afterwards 
boiled  with  it.  Magnetic  oxide  of  iron,  when  acted  upon  by  acids,  yields 
mixtures  of  protosalts  and  persalts  of  iron,  so  that  it  is  not  an  inde- 
pendent basic  oxide. 

Ferric  acid  is  only  known  in  combination  with  bases  as  ferrates.  When  iron 
filings  are  strongly  "heated  with  nitre,  and  the  mass  treated  with  a  little  water,  a 
fine  purple  solution  of  ferrate  of  potash  is  obtained.  A  better  method  of  preparing 
this  salt  consists  in  suspending  1  part  of  freshly  precipitated  sesquioxide  of  iron  in 
50  parts  of  water,  adding  30  parts  of  solid  hydrate  of  potash,  and  passing  chlorine 
till  a  slight  effervescence  commences;  Fe2O3  -f  C16  -f-  10KHO  =6KC1  -j-2(K2]FeO4) 
-f-  5H2O  ;  the  ferrate  of  potash  forms  a  black  precipitate,  being  insoluble  in  the 
strongly  alkaline  solution,  though  it  dissolves  in  pure  water  to  form  a  purple  solu- 
tion, which  is  decomposed  even  by  dilution,  oxygen  escaping,  and  hydrated  per- 
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oxldo  of  ir-.n  U-ini;  |-r  =  2K?O  -f  FejO,  4-  <>,.      A  -irniliir  «!••- 

with  H 
ure  ob- 

is fine  red  precipitate*  when  solution*  of  their  MilU  »rv  mixed  u 
potash. 


'•i.'inli.hnt,-  »t'  ir»n,coppera*. 

iseasih   obtained  by  heating  1   p:»i-t  of  iron  wire  wi:  itftmg 

sulphuric  |  .  .1    \\ith   I  times  its  weight  of   water.  until  the  whole 

of   tin-   metal    U  '1.  \\hen    tin-    solution    is  allowed  to  eryMalli/.e. 

Its  raniii:i:ii't'nv  on  tlic  large  scale  by  the  oxidation  of  iron 
,  already  referred  to. 

It    forms   fine    irrern   rhomboidal  crystal-,    having   the  composition 
Aq. 

The  color  of  tin  (  -i  \  -tals  varies  somewhat,  from  th*  J  |  i.  sence 

«.t'  -mall  «|ii:iiititicx  of  tin-  sulphate  of  sesqi;  f   iron     1 

It  dissolves  very  easily  in  t  \\in-  its  weight  of  coM  \v:it»-r.  \  ii-l«lin- 
green  solution.      When  the  romin«-ivi:»l  Mil|»hatc  of  iron    is  l.oih-<l  with 
water,  it  yi«-l«ls  a  brown  muddy  solution,  in  c..nx,.ljin-ii«-r  <.t'tlu-  <i 
IX)sition  of  the  sulphate  of  8esijni<»xidc  of  iron  coiitainrd  in  it.  \\ith  pre- 
cipitation of  a  basic  sulphate.     The  sulphate  of  iron  has  a  great  tendemy 
to  absorb  oxygen,  and  to  become  r«,n  \u-trd  into  the  sulphate  of  se-,,,ni- 
oxidr.    Thus,  the  ordloi  iU  \\hen  .dually  In- 

come brown,  and  an  oonrertod  into  a  mixtnie  of  the  neutral  and  basic 
sulphates  of  the  sesquioxide  of  iron— 


10(FeO.SOs)     +     04    =    SCFe.O^SO,)     4    2Fe,OrSO,. 

Thi>  disposition  to  absorb  oxygen  renders  the  sulphate  of  iron  useful  as 
a  reducing  a«rent  :  thu-,  it  is  employed  f,,r  jin-eipitatin^  Lr"ld  in  the 
metallic  state  from  its  solutions.  But  its  chief  use  i>  for  the  manufae- 
tnie  of  ink  ar.d  blaek  dyes.  \>\  its  aeiiou  upon  vegetable  infusions  con- 
taining tannie  a<  id,  such  as  that  of  nutgalls.  This  application  will  be 
particularly  noticed  hereafter. 

/'•  of  irony  or  persulphate  of  iron^  or/ 
is  found  in  Chili  as  a  white  silky  crystalline  mineral,  cw/w/ 
1  15  the  composition,  FetOr3SOr(.> 

M  «.f  protoxide  and  sesquioxide  of  iron  are  found  asso- 
ciated in  the  mineral  known  as  v<  <r  native  Fruy.* 


is  obtained  in   beautiful   dark-^reeii  crystalline  -cales  when  iron  p 

heated  in  a  glass  tube  through  which  a  current  of  dry  eh!  assed, 

the  sesquicliloride  passing  off  in  vapor,  and  condensini:  in  the  cool  part 

of  the  tube.     The  crystals  almost  instantly  become  \\ct  when   expos,  -1 

to  air,  on  account  of  their  great  attract  i-»n'  for  water.     The  pcrchloride 

obtained    in  solution    l.\   dissnlvinu:  iron  in   hydrochloric 

:  tlf  pr..|..ehli'i-i«l-  ruied  into 

peiehlori.l.  !i\ilroeh;  .      The 

solution  of  perchloride  of  iron  has  been  recommended  in  some  cases  as 
a  disn  |  easily  r.  1  thus  allordini: 

chlorim-  to  unstable  or^ani-'  matt.  -r^  it,  .      A   s,,|n- 

-•1  is  used  in  medicine  under  the  name 

hl..ri.l«-  ..}' 

•'  ved  by 
d  hiu  a  very 
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dark  red  color,  and  yields  a  very  copious  brown  precipitate  with  common  water,  or 
any  solution  containing  even  a  trace  of  a  sulphate. 

223.  Equivalent  and  Atomic  Weights  of  Iron. — When  iron  is  dissolved 
in   hydrochloric  acid.  28  parts  by  weight  of  iron  combine  with  1  eq. 
(35.5  parts)  of  chlorine,  displacing  1  part  of  hydrogen ;  hence  28  is  the 
equivalent  weight  of  iron. 

The  specific  heat  of  iron  and  its  isomorphism  with  magnesium,  zinc, 
and  cadmium,  show  that  its  atomic  weight  must  be  represented  by 
double  the  equivalent,  or  56,  so  that  iron  is  a  diatomic  or  bivalent  ele- 
ment. 

The  molecular  formula  of  ferric  chloride  has  been  confirmed  by  the 
determination  of  the  specific  gravity  of  its  vapor,  which  has  been  found 
to  be  1(55  times  that  of  hydrogen.  If,  therefore,  one  volume  (or  one 
atom)  of  hydrogen  be  represented  as  having  a  weight  =  1,  two  volumes 
(or  one  molecule)  of  ferric  chloride  vapor  would  weigh  (165  X  2)  330, 
a  number  nearly  agreeing  with  the  sum  of  two  atoms  of  iron  (112)  and 
six  atoms  of  chlorine  (213.0). 

It  will  be  remarked  that  iron  possesses  a  different  atomicity  accord- 
ingly as  it  exists  in  ferrous  or  ferric  compounds.  Thus,  in  ferrous 
oxide  (FeO)  and  ferrous  chloride  (FeCl2),  it  occupies  the  place  of  two 
atoms  of  hydrogen,  and  is  diatomic;  but  in  ferric  oxide  (Fe2O3)  and 
ferric  chloride  (Fe2Cl6)  each  atom  of  iron  occupies  the  place  of  three 
atoms  of  hydrogen,  and  is  triatomic.  Some  chemists  designate  the 
diatomic  iron  existing  in  ferrous  compounds  by  the  name  ferrosum 
(Fe")i  and  the  triatomic  iron  of  the  ferric  compounds  by  ferricum 
(Fe'"). 

MANGANESE. 

Mn"  =  55  parts  by  weight. 

224.  Manganese  much  resembles  iron  in  several  particulars  relating 
both  to  its  physical  and  chemical  characters,  and  is  often  found  in 
nature,  associated   in    small  quantities,   with    the  compounds   of  that 
metal.     The  metal  itself  has  not  been  applied  to  any  useful  purpose. 

It  is  obtained  by  reducing  carbonate  of  manganese  (MnO.CO,)  with 
charcoal,  at  a  very  high  temperature,  when  a  fused  mass,  composed  of 
manganese  combined  with  a  little  carbon  (corresponding  to  cast  iron), 
is  obtained,  which  is  freed  from  carbon  by  a  second  fusion  in  contact 
with  carbonate  of  manganese. 

Metallic  manganese  is  darker  in  color  than  (wrought)  iron,  and  very 
much  harder;  it  is  brittle,  and  only  feebly  attracted  by  the  magnet.  It 
is  somewhat  more  easily  oxidized  than  iron. 

225.  Oxides  of  Manganese. — Three  distinct  compounds  of  manganese 
with  oxygen  have  been  obtained  in  the  separate  state,  and  two  others 
are  believed  to  exist  in  combination,  but  have  not  been  satisfactorily 
made  out  in  the  anhydrous  state : 

Protoxide  of  manganese,  MnO 

Sesquioxide  Mn2O3 

Binoxide  or  peroxide  of  manganese,  MnO2 
Manganic  acid  (?)  Mn03 

Permanganic  acid  (?)  Mn2O7 

The  binoxide  of  manganese  is  the  chief  form  in  which  this  metal  is 
found  in  nature,  and  is  the  source  from  which  all  other  compounds  of 
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manganese  are  obtaii  '  f  mineral  form  .;ch 

us  Steel-gray  prismatic   crystals  :    Init   it    [•  Al*O  ftMUKJ   :nii<.i| 

•i    the  li\  "hated  State  AS  wad.      In   commerc,-    j.\i-..lu- 
site  is  known  as  l>  i^anese,  or  simply  manganese,  ami   i-  hi  j«-I\ 

imported  IV.. in  iJerma1  'In-  MM-  of  tin-  ma:  r  of 

blen  .\der.  the  'gliiss-maker,   Ac.     It   is  also  used  as  a   ch- 

souree  of  oxygen,  which  it  evolves  when  heated  to  redness,  leaving  the 
.  M     '  '  .      Mie  liinoxide  of  manganese  is  an  in- 
rent    oxide,  and   does  not  combine    with  acids;   when  -ith 
strong  sulphuric  acid,  it  loses  half  its  oxygen,  and  forms  the  |>r<>t<>\ 
of  manganese,  which  is  a  powerful  base,  and  combines  with  the  sul- 
phuric :n-id  to  form  sulphate  of  manganese: 

Mno  HO.SO,    =     MnO.SO,     +     H,O     +     0. 

«•  the  natural  binoxide  contains  peroxide  of  iron,  some  persulphate 
of  iron  is  formed  at  the  same  time;  but  if  tin-  mixture  !»«•  dried  and 
heated  to  redness,  the  iron  salt  is  decomposed,  evolving  sulphuric  and, 
and  leaving  peroxide  of  iron;  while  tin  protoxide  of  manganese,  being 
a  stronger  base,  does  not  abandon  its  sulphuric  a*  id  .  ami  the  sulphate 
of  manganese  ma\  !>••  di-->,,u<-d  ,,ut  <'!'  the  mass  by  treatment  wr 
HM  evaporating  the  solution,  and  allowing  .it  dej»o>its  lijht 

pink  crystals  of  sulphate  of  manganese.  Mu<  >.M  >    II  » >. } .\«[. 

-  salt  is  employed  by  the  d\  i-r  and  calico-printer  in  the  production 
of  bla«  k  and  luown  colors.  When  a  solution  of  sulphate  of  manganese 
is  mixed  \\ith  solution  of  chloride  of  lime  p.  I  ^4),  it  gives  a  black  pre- 
cipitate of  hyd rated  peroxide  of  manganese: 

.O.SO,)  4-  CaO.ClfO  -H  2CaO  =  2MnO,  +  2(CaO.SO.)  +  CaClr 

i.-r«.ii)p1,sing  a  solution  of  sulphate  of  manganese  with  potash  or 
soda,  a  white  precipitate  of  /*»/»//•<//»••/  /•/•«•/«.'•/./.•  •>/  nonK/antse  isobtaii 
which  becomes  brown  \\heu   expo>ed   to  the  air.  absorbing  oxygen,  and 
becoming  C  i  into  the  hsdrated  ses«|i»ioxide  of  manganese. 

If  solution  of  sulphate  of  manganese  be   mixed   wit: 
soda,  a  white  precipitate  of  •  urbonate  of  manya/  I  < '. 

is  obtained.     The  pink  crx-talli/ed  mineral  manganese  spar  c-uisi^tn  of 
of  manganese  <  Mnn.i 

If  is  obtained  as  a  green  p..\\d. -r 

, eat  in  <_r  <  ail  tonate  of  manganese  in  a  tube  through  which  h\ili-.^i-n  ^ 
passed  to  excl in ie   the  air,  winch   would  icd 

oxi'.  The  protoxide   has  been  obtained  in    •  nt  emer- 

ald L'i«-,-n  « T\ itmk. 

tie*'i  :dli/ed  ill  octahedra.  forms  the  mineral 

i.  in  com  \  it  h  water,  t  he  prismat 

gai<           M      OrU,O),  which  oft.                                        •iiinn-rcial  OfM  "f  maii- 

-aiies,-.      'The    «.e-«  j  1 1  io\  i ,  lc  is  :l  \\rak    bas,-.  dis^,,|vin^    ),,    :l,-i.U    to    f,,rm 

deep  red  solutions,  which  D  \\hen  !.  .MHJ  salts,.)' 

COin bi n<  ilphate   of  jiotash    to    !  K  0.80,, 

Mi.  '  ''  ni.  as  in  oom| 

to  alumina  alum.      \\  \  ide  of  manganese   in  minute  ijuantii 

added  t  _:las".  ii    impart-  a  purple  color,  which    i^  probablv  due 

tot  'ion  <>f  a  silicate  of  seHqui'  c.\\c- 

|s    belii-\ed    b\    some   to   o\\,  to   the   s:i:. 

'  -st  stable  of  the  03 
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of  this  metal,  and  is  formed  when  either  of  the  others  is  heated  in  air. 
Thus  obtained,  it  has  a  brown  or  reddish  color;  but  it  is  found  in 
nature  as  the  black  mineral  hausmannite.  In  composition  it  resembles 
the  magnetic  oxide  of  iron,  but  it  seems  probable  that  its  true  formula 
is  2MnO.Mn02,  for  when  treated  with  diluted  nitric  acid  it  leaves  the 
black  hjdrated  binoxide. 

When  a  compound  containing  manganese,  in  however  small  a  quantity,  is  fused 
on  a  piece  of  platinum-foil  with  carbonate  of  soda  (Fig.  127),  a  mass  of  manganate 
of  soda  (Na2MnO4)  is  formed,  which  is  green  while  hot,  and  becomes  blue  on  cool- 
ing. The  oxygen  required  to  convert  the  lower  oxides  of  manganese  into  manganic 
acid  has  been  absorbed  from  the  air. 

Manganic  Acid  is  obtained  in  combination  with  potash,  by  mixing 
finely  powdered  binoxide  of  manganese  into  a  paste  with  an  equal  weight 
of  hydrate  of  potash  dissolved  in  a  little  water,  drying  the  paste,  and 
heating  it  to  dull  redness  in  a  glass  tube,  through  which  oxygen  is 
passed  as  long  as  it  is  absorbed.  When  the  mass  is  treated  with  a  little 
cold  water,  it  gives  a  dark  emerald-green  solution,  and  by  evaporating 
this  over  oil  of  vitriol,  in  vacua,  dark-green  crystals  of  manganate  of 
potash  (K2Mn04)  are  formed,  which  have  the  same  crystalline  form  as 
those  of  sulphate  of  potash.  These  crystals  dissolve  unchanged  in 
water  containing  potash ;  but  when  dissolved  in  pure  water,  they  yield 
a  red  solution  of  permanganate  of  potash,  and  a  precipitate  of  binoxide 
of  manganese — 

3(K2O.Mn03)    +    2H.20    =   K2O.Mn207   -f  Mn02   +    2(K2O.H20). 

The  change  is  more  completely  effected  by  adding  a  little  free  acid  even 
carbonic  acid.  The  changes  of  color  thus  produced  have  acquired  for 
the  manganate  of  potash  the  name  chameleon  mineral.  The  solution  of 
manganate  of  potash  (containing  free  potash)  is  very  easily  decomposed 
by  substances  having  an  attraction  for  oxygen.  Thus,  most  organic 
substances  abstract  oxygen  from  it,  and  cause  the  separation  of  brown 
sesquioxide  of  manganese;  filtering  its  solution  through  paper  will  even 
effect  this  change.  The  offensive  emanations  from  putrefying  organic 
matters  are  at  once  oxidized  and  rendered  inodorous  by  mauganate  of 
potash  or  soda. 

Manganate  of  Soda  (Na2Mn04)  obtained  by  heating  binoxide  of  man- 
ganese with  hydrate  of  soda,  under  free  exposure  to  air,  is  employed  in 
a  state  of  solution  in  water,  as  Candy's  green  disinfectant  fluid.  It  is 
also  used  as  a  bleaching  agent,  and  in  the  preparation  of  oxygen  at  a 
cheap  rate. 

The  temporary  formation  of  manganic  acid  affords  a  probable  expla- 
nation of  the  effect  of  binoxide  of  manganese  in  facilitating  the  disen- 
gagement of  oxygen  from  chlorate  of  potash  (p.  64). 

Permanganic  Acid  has  been  obtained  in  a  hydrated  crystalline  state 
by  decomposing  the  permanganate  of  baryta  with  sulphuric  acid,  and 
evaporating  the  solution  in  uacuo.  It  is  a  brown  substance,  easily  dis- 
solving in  water  to  a  red  liquid,  which  is  decomposed  at  about  90°  F., 
evolving  oxygen,  and  depositing  binoxide  of  manganese. 

Permanganate  of  Potash  (K2O.Mn207,  or  KMnO4),  is  largely  used  in 
many  chemical  operations.  In  order  to  prepare  it,  4  parts  of  finely 
powdered  binoxide  of  manganese  are  intimately  mixed  with  3|-  parts  of 
chlorate  of  potash,  and  5  parts  of  hydrate  of  potash  dissolved  in  a  very 
little  water.  The  pasty  mass  is  dried,  and  heated  to  dull  redness  for 
some  time  in  an  iron  tray  or  earthen  crucible.  The  oxygen  derived 
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from  t 

inane,  i  \\itli    the    |M)t:is|i  of   tlh 

I  ma>s  with  v.  manganate  of  potash  is 

i  solution.      Thin  is  diluted  with  water.  :m<l  n  - 

of  carl  1  gas  passed  through  it  as  long  as  air  <l<>i  :- 

\ress  of   potash,  the 
presence  «•!'  which  i    stability   uj."ii    the   manganate,  w  Inch   is 

ip<.s,-d  int..  pertnanganat*-  of  p. 

nese.     The  latter  is  allowed  to  settle.  and  tin-  clear  n-.|  solution  p 
oil'  :u.  ated  to  a  small   hulk.      <  .•„'.  it  deposits    prismatic 

crystals  of  the  pern  .  -of  potash  i  K  n.\\     0         bioh  an  ra4   by 

transmitted  li^ht,  hut  reflect  a  dark-green  color.  Ttti  u  (...niiie  «,r  pot- 
ash,  bfin^  much  in.  .re  >olu!.l.-  in  \\.-ii.-r.  is  lelt  in  the  solution,  Per 
•  •r  p"t:i>h  is  ivinark:ilile  tor  its  great  coloring  power,  a  very 
small  quantity  <>f  tin-  salt  pro.lucing  an  intense  purplish  -re.l  ei.l.u-  in  a 
large  quantity  of  water.  Its  solution  in  wn  Iv  ilecomposed 

.riving  an  attraction  i'»r  «»\ygen,  such  ns  sulphurou 
or  a  ferrous  salt,  the  permanganic  acid  being  i«<ln<<il  »,,  ( 
manganese,  so  that  the  solution  becomes  colorless.     If  a  very  small 
piece  of  iron  wire  l»e  ili-sulvfd  in  diluted  sulphuric  acid,  the  ><»hr 
ternniN    >ulphate    s<»    |miduecd    will    decolori/e    a   large  Volume  of  weak 
solution  of  the  permanganate,  being  converted  into  ferric  sulphate  — 


Ki>Mn<>  K'MVO.SO,)    +    8(H,O.SO,)    = 

K  n.sO.    -t-    -  '),)    +   5(Fe,Or3SOJ    -f   8lI,O. 


This  decomposition  forms  the  basis  of.  a  valuable  met  hod   f-r  <h  tei  min- 
ing the  PK>|  <>rtion  of  iron  in  its  ores. 

Mine  substances  ai  \  permanganate  <>: 

ash,  and    thi>  i-  the  case   imperially  \\ith  the  i»i!'en>ive   emaiiat  i-.n^    lV<.m 

organic   mat*  •  <•  it    is  extensively  used,    under   tin- 

name  of  C"  /.  in  cases  where  R  solid  or  liquid 

substance  is  to  be  deodorized. 

'fjanese.  —  There  appear  t..  he  three  compounds 
of  manganese  with  chlorine.  eorre-iH.h.iiM-  t,,  three  of  the  «<\ 
MnCI  .Mn  CI,  and    MnCI,;    Imt    only  the    tirst  is  obtainable   in   the    pure 
I   tonniiiLT  solutions,  whieh  are  easily  decomposed  with 
idorine. 

The  pr,,t»fhl»riiie:  of  mangttnete  (MnClf)  i.-  \  ,  M  a  wnste 

product  in  I  :  •  run-.  l*-r    (In*    niiiTinfact(in<  of   I 

the  black  • 
obtain. 

of  manganese  (  MnCI,).     I: 
•dvantage  U  taken  of  the  circumstance  that  M-  , 

:••«,  IMJ  that  if  a  small   :  •..   tin; 

iron  may  be-  J  as  sesqui 

Fc^CI.   -I-   8CaO  «   FrfO,    +   8C  '„• 

The  sol  .  .-of  manganese  in  th.-n   tni\.-*l  •  und  aubj< 

the  action  of  steam  at  a  pre*»ure 

ganeae 

dried  and  heated  to  about  ><<  r.-nt  of  m..i«i  air.  i!. 

nnd  a  larg> 

which  may  b«  MBJUOJsd  n^uin  I«T  tL 
According  to  Weldon'*  procea*  recipitated  as  p.  •: 
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by  adding  chalk,  which  leaves  the  manganese  in  solution  ;  an  excess  of  lime  is  then 
added  and  air  blown  through  the  mixture  at  about  150°  F.,  when  the  white  precipi- 
tate of  MnO,  formed  at  first,  absorbs  the  oxygen,  and  becomes  a  black  compound  of 
MnO2,  with  lime  which  is  used  over  again  for  the  preparation  of  chlorine.  Unless 
the  lime  is  added  in  excess,  only  BinO.MnO,  is  formed,  so  that  the  excess  of  lime 
displaces  the  MnO  and  allows  it  to  be  converted  into  MnO2.  In  another  process, 
"VVeldon  employs  magnesia  instead  of  lime,  with  the  view  of  afterwards  recovering 
the  chlorine  from  the  chloride  of  magnesium,  in  the  form  of  hydrochloric  acid  (see 
p.  316),  and  using  the  magnesia  over  again. 

By  dissolving  permanganate  of  potash  in  oil  of  vitriol,  and  adding  fragments  of 
fused  chloride  of  sodium,  a  remarkable  greenish-yellow  gas  is  obtained,  which  gives 
purple  furnes  with  moist  air,  and  is  decomposed  by  water,  yielding  a  red  solution 
which  contains  hydrochloric  and  permanganic  acids.  It,  therefore,  must  contain 
manganese  and  chlorine,  and  is  sometimes  regarded  as  the  perchloride  (MnCl7) 
corresponding  to  permanganic  acid  ;  but  it  is  more  probably  an  oxychloride  of  man- 
ganese (see  Chlorochromic  acid).  Care  is  required  in  its  preparation,  which  is  some- 
times attended  with  explosion. 

COBALT. 

Co"  =  59  parts  by  weight. 

227.  Some  of  the  compounds  of  cobalt  are  of  considerable  importance 
in  the  arts,  on  account  of  their  brilliant  and  permanent  colors.  It  is 
generally  found  in  combination  with  arsenic  and  sulphur,  forming  tin- 
white  cobalt,  CoAs2  and  cobalt-glance^  CoAs2.CoS2,  but  its  ores  also 
generally  contain  nickel,  copper,  iron,  manganese,  and  bismuth. 

The  metal  itself  is  obtained  by  strongly  heating  the  oxalate  of  cobalt 
(CoC204)  in  a  covered  porcelain  crucible.  In  its  properties  it  closely 
resembles  iron,  but  is  said  to  surpass  it  in  tenacity. 

Two  oxides  of  cobalt  are  known — the  protoxide,  CoO,  which  is  de- 
cidedly basic,  and  the  sesquioxide,  Co2O3,  which  is  a  very  feeble  base. 
The  protoxide  of  cobalt,  like  those  of  iron  and  manganese,  tends  to  ab- 
sorb oxygen  from  the  air,  and  when  heated  in  air,  becomes  converted 
into  CoO.Co203,  corresponding  to  the  magnetic  oxide  of  iron.  The 
commercial  oxide  of  cobalt,  which  is  employed  for  painting  on  porcelain, 
is  obtained  by  roasting  the  ore,  in  order  to  expel  part  of  the  sulphur 
and  arsenic,  dissolving  it  in  hydrochloric  acid,  and  precipitating  the 
sesquioxide  of  iron  by  the  careful  addition  of  lime,  when  the  remaining 
arsenic  is  also  precipitated  as  arseniate  of  iron.  Hydrosulphuric  acid 
is  passed  through  the  acid  solution  to  precipitate  the  bismuth  and  cop- 
per, leaving  the  cobalt  and  nickel  in  solution.  The  latter  having  been 
boiled  to  expel  the  excess  of  hydrosulphuric  acid,  is  neutralized  with 
lime  and  mixed  with  solution  of  chloride  of  lime,  which  precipitates  the 
sesquioxide  of  cobalt  as  a  black  powder,  leaving  the  oxide  of  nickel  in 
solution,  from  which  it  may  be  precipitated  by  the  addition  of  lime. 

The  salts  of  oxide  of  cobalt  have  a  fine  red  color  in  the  hyd rated 
state,  or  in  solution,  but  are  generally  blue  when  anhydrous.  The  sili- 
cate of  cobalt  associated  with  silicate  of  potash  forms  the  blue  color 
known  as  smalt,  which  is  prepared  by  roasting  the  cobalt  ore,  so  as  to 
convert  the  bulk  of  the  cobalt  into  oxide,  leaving,  however,  a  consider- 
able quantity  of  arsenic  and  sulphur  still  in  the  ore.  The  residue  is 
then  fused  in  a  crucible  with  ground  quartz  and  carbonate  of  potash, 
when  a  blue  glass  is  formed,  containing  silicate  of  cobalt  and  silicate  of 
potash,  whilst  the  iron,  nickel,  and  copper,  combined  with  arsenic  and 
sulphur,  collect  at  the  bottom  of  the  crucible  and  form  a  fused  mass  of 
metallic  appearance  known  as  speias,  which  is  employed  as  a  source  of 
nickel.  The  blue  glass  is  poured  into  cold  water,  so  that  it  may  be 
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more,  -wder  in  which   the  smalt    is   sold.      If 

it   tin- 
iron  i  .  this  will  -,,  the   smalt    as    a   silicate. 

color. 

!    by  roasting  a  mixture  of  cobalt-ore  with  two  or 

parts  of  sand. 

onsists  of  phosphate  of  cobalt   and   ph- 

alumina,  and    is    prepared    by    mixing  precipitated    alumina   with    phos. 
•bait  ami  g   in  a  co\ .  iblc.      The  phospl 

•  ••I  b\  pivcipi;atiii'_r  a  solution  of  nitrate  of  cobalt  with  phosphate 

-•d  by 

of  soda   in  a  mixture   of  sulphate  of  cobalt  with  -nip: 
It  is  a  compound  of  the  oxides  of  cobalt  and 

Clil'  «'o('l),  obtained  by  dissolving  oxi<i  alt   in 

Id.  forms  red  hydrated  crystals,  which  become  blue  \\hen 
their  water  is  expelled.      It'  itrOOfl   hydrochloric  acid    be  added  U) 
solution  of  this  salt,  it  becomes  blue;    if  enough  water  be  now  added  to 
render  it  pink,  the  blue   color  may  be    prod  leasinv    b\    boiling. 

the  solution  first    passing  through  a  neutral  tint.     Chloi: 
employed  as  a  .«/'"/"'//"  -  lof  characters  written  with  its  pink  solu- 

tion are  nearly  invisible  till  they  are  held  before  the  tire,  \\hen  they 
become  blue,  and  resume  their  original  pink  color  if  exposed  to  the  air; 
a  little  chloride  of  iron  causes  a  green  color. 

1     8  lined  as  a  black  precipitate  when 

an  alkaline  sulphide  is  added  to  a  solution  of  a  salt  of  cobalt.      \ 
fulfill  ill*-  (Co.S,)  is  found  in  _ 

-.)  has  been  obtained  artificially. 
When  ammonia  in  excess  is  .  a  solution  of  a  salt  of  cobalt,  a 

•  •d  liquid  is  produced,  which  rapidly  absorbs  oxygen  from  t 
•dl\   if  hxdrochlorate   of  ammonia    be    present. 

production  of  some  .'.le  and  complex  bate*,  kin   the. 

elements  of  ammonia  and  of  diiferent  oxides  of  cobalt. 

NICKI-I  . 

Ni/r  =  69  parts  by  weight 

228.   Nickel  owes  its  value  in  the  useful  arts  chiet' 

ting  a  white  color  to  the  all  ppcr  and   /inc.  with  w1 

forms  the  alloy  known  as  G<  >  Nickel    is  very  nearly  allied 

to  cobalt,  and  generally  occurs  associated  with  that  metal   in    it 
One  of  the  principal  ores  of  nickel  is  r 

SO  called  by  tli.  frequently  mistook  it  for 

e  of  copper;  it  has  a  reddish  metallic  nd  the  formula 

-  an  arseniosulphide  of  nickel. 
.    N  responds   to   tin-white   cobalt. 

The  metal  is  commonly  exti.-i  itod  during  the 

•i  of  *malt   f,-, .in  cobalt-ores  nickel  pre- 

liy  the    method   described  above,  wh- 
with  U  metallic  nickel  «  bon. 

ned  b\  \alate,  as  in  the  case  of 

t.  which  it  much  resembles  iii  j,: 

tion  to  those  of  cobalt. 
i.    of  Q|  usually  green,  and 
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give  bright  green  solutions.  The  hydrated  oxide  has  a  characteristic 
apple-green  color,  and  does  not  absorb  oxygen  from  the  air  like  the 
hydrated  oxide  of  cobalt.  The  greater  facility  with  which  the  latter  is 
converted  into  sesquioxide  has  been  applied  (as  above  described)  to 
effect  the  separation  of  the  two  metals.  Oxide  of  nickel  has  been  found 
native  in  octahedral  crystals,  which  have  also  been  obtained  accidentally 
in  a  copper-smelting  furnace. 

Sulphate  of  nickel  (NiO  S03.H20.6Aq.)  forms  fine  green  prismatic 
crystals,  the  water  of  constitution  in  which  may  be  displaced  by  sul- 
phate of  potash,  forming  the  double  sulphate  of  nickel  and  potash,  NiO. 
SO3  (K2O.S03.6  Aq.),  which  crystallizes  so  readily  that  it  was  at  one  time 
the  form  in  which  nickel  was  separated  from  the  other  metals  present  in 
its  ores. 

Three  sulphides  of  nickel  are  known, — a  subsulphide,  Ni2S  ;  a  proto- 
sulphide,  NiS,  found  native  as  capillary  pyrites,  and  obtained  as  a  black 
precipitate  by  the  action  of  an  alkaline  sulphide  upon  a  salt  of  nickel ; 
and  a  bisulphide,  NiS2. 

CHROMIUM. 

O  =  52  5  parts  by  weight. 

229.  This  metal  derives  its  name  from  /P^v-a,  color,  in  allusion  to  the 
varied  colors  of  its  compounds,  upon  which  their  uses  in  the  arts  chiefly 
depend.  It  is  comparatively  seldom  met  with,  its  principal  ore  being 
the  chrome-iron  ore  (PeO.Cr203),  which  is  remarkable  for  its  resistance 
to  the  action  of  acids  and  other  chemical  agents.  It  is  chiefly  found  in 
Sweden,  Russia,  and  the  United  States,  and  is  imported  for  the  manu- 
facture of  bichromate  of  potash  (K2O.2Cr03),  which  is  one  of  the  chief 
commercial  compounds  of  chromium.  The  ore  is  first  heated  to  redness 
and  thrown  into  water,  in  order  that  it  ma}'  be  easily  ground  to  a  fine 
powder,  which  is  mixed  with  carbonate  of  potash,  chalk  being  added  to 
prevent  the  fusion  of  the  mass,  and  strongly  heated  in  a  current  of  air 
on  the  hearth  of  a  reverberatory  furnace,  the  mass  being  occasionally 
stirred  to  expose  a  fresh  surface  to  the  air.  The  oxide  of  iron  is  thus 
converted  into  sesquioxide,  and  the  sesquioxide  of  chromium  (O203) 
also  absorbs  oxygen  from  the  air,  becoming  chromic  acid  (Cr03),  which 
combines  with  the  potash  to  form  chromate  of  potash  (K2O.Cr03).  Nitre 
is  sometimes  added  to  hasten  the  oxidation.  On  treating  the  mass  with 
water,  a  yellow  solution  of  chromate  of  potash  is  obtained,  which  is 
drawn  off  from  the  insoluble  residue  of  sesquioxide  of  iron  and  lime, 
and  mixed  with  a  slight  excess  of  nitric  acid — 

2(K2O.Cr03)  H-  H2O.N205  =  K20.2Cr03  +  K2O.N205  +  H2(). 

Chromate  of  Bichromate  of 

potash.  potash. 

The  solution,  when  evaporated,  deposits  beautiful  red  tabular  crystals 
of  bichromate  of  potash,  which  dissolve  in  10  parts  of  cold  water,  form- 
ing an  acid  solution.  It  is  from  this  salt  that  the  other  compounds  of 
chromium  are  immediately  derived. 

Metallic  chromium  has  received  no  useful  application.  It  has  been 
obtained  in  octahedral  crystals  by  the  action  of  sodium  on  sesquichlo- 
ride  of  chromium,  and  in  a  pulverulent  state  by  the  action  of  potassium. 
In  the  latter  condition  it  is  easily  acted  on  by  acids,  but  the  crystallized 
chromium  is  insoluble  even  in  nitro-hydrochloric  acid.  Like  aluminum, 
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more  easi  1  alkalies  at  a  hi-h  t. 

erolTing  hydrogen  and  pi  [I       .-markal*. 


230.  OXIDES  or  CIIK'-MM  M.  —  Two  oxides  of  chromim:. 
the  separate  state,  —  the  sc*  '».  :m<l  chromic 

known  in  the  bydi  ••  .  and  p'-r 

1     '  '     is  believed  to  exist  in  solution. 

•'.  tin-  HUM  important  "f  tin  ling  to 

leosure  of  a  solution  of  bichromate  of  potash,  M  ;i)°  F., 

one  measure  :m<l  a  half  of  coi,  I  >ulphuric  a«  ill  port  ions 

allowing  the  solution  to  cool,  when  chron 

lizes  out  in  tin*'  crimson  needles,  which  are  delique-  iblt  in 

water,  and  decora  po~  moderate  heat  into  oxygen  and  sesqn 

of  chromium.     Chromi.  il  oxidi/ing  agent;  most  or- 

es, e\vn  paper.  will  reduce  it  to  the  green  ses<i 
chromium.      A    mixture   of  bichromate  of  potash  and  sulphuric    :ici<l   i- 

cmj)l«  -ome  oils,  the  coloriiiur  matter  being  oxidiied  at 

the  expense  of  the  chromic  a<  -i«l,  ami  sulphate  of  sesquioxide  of  (  Ino 
iiiium  produced  — 

K,O.2CrO,  -f  \  ,  1  1  <  >  >OS)  =  ^O-SO,  -h  Cr,Or3SO,  -f  0,  -f  4H,0. 

The  bichromate  itself  evolves  oxygen  when  heated  to  bright  redness, 
;ig  first  fused,  and  afterwards  decomposed  — 

2(K,O.2CrO,)  =  2(K,O.CrO,)  -f  Cr,O,  -f  Or 

Neutral  chroii  (  >.CrO,)  is  t'onncil  l»y  adding 

ash  to  the  red  solution  of  bichromate  of  potash  until  it-  i.--l  color  is 
changed  to  a  fine  yellow,  when  ii  i-  evaj.  orated  and  allowed 
lize.     It  forms  yellow  pri-m:  ds  having  the  same  form  as  thox> 

of  sulphate  of  potash,  and  is  far  more  soluble  in  water  than  the  1  .1.  -In-o- 
rnate, yielding  an  alkaline  solution.  It  becomes  red  when  heated,  and 
fuses  without  decomposition. 

•Mained  in  red  crystals 
by  adding  nitric  acid  to  the  biehron. 

n.O.CrO,),  prepared  by  mix- 

ing dilute   solutions  of  :  lead  and    •  Iitom:i  ^\\.      It    i> 

largely  used  in  paint  in-.;  and  calico-printing,  and  by  the  cliemist  as  a 
source  of  oxygen  for  tin-  analy-  •  •>,  -ince.  when 

1,  it  fuses  to  a  brown  mass,  which  evolves  oxygen  at  a  red  heat. 
(  'hrome-yellow  being  a  poi«.,,n,,u^   >alt.  it>  oe,-a>ional   n-e   for  coloring 

Of  lead  in  pri-! 
tals  form>   the  rath.  -  in  which   chromium 

1   ',  and  may  be 
v  boiling  the  yellow  cln 

2(PbO.CrO,)  -f  CaO  —  .  <  ),  -f  CaO.CrOr 

The  calico-printer  dyes  the  stutl'  with  yellow  eh:  i.  and  con- 

verts it  into  oran;_"  -ith  of  lime-wa1 

The  color  ot    \    •  •       '  .  alumina)  a;  •  be  due  ; 

presence  of  a  small  prop..itioi,  ,,r  elnomic 

Se*'i  .'is  a  gre> 

ciallv  for  glass  and  poin-laih.  It  is 

:'  pota-h  with  one-loin  '  -voigbt 

of  stai  '    which    .1  iiromic    acid  ol'  halt'  its 

oxygen,  leaving  an  tin  with  carbonate 
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of  potash,  which  may  be  removed  by  washing  with  water.  If  sulphur 
be  substituted  for  the  starch,  sulphate  of  potash  will  be  formed,  which 
may  also  be  removed  by  water.  When  the  sesquioxide  of  chromium  is 
strongly  heated,  it  exhibits  a  sudden  glow,  becomes  darker  in  color,  and 
insoluble  in  acids  which  previously  dissolved  it  easily ;  in  this  respect 
it  resembles  alumina  and  sesquioxide  of  iron.  Like  these  oxides,  the 
sesquioxide  of  chromium  is  a  feeble  base ;  it  is  remarkable  for  forming 
two  classes  of  salts  containing  the  same  proportions  of  acid  and  base, 
but  differing  in  the  color  of  their  solutions,  and  in  some  other  proper- 
ties. Thus,  there  are  two  modifications  of  the  sulphate  of  sesquio.riflc 
of  chromium, — the  green  sulphate,  Cr,0,.3SO8.5Aq.,  and  the  violet  sul- 
phate, Cr203.3S03.15Aq.  The  solution  of  the  latter  becomes  green  when 
boiled,  being  converted  into  the  former.  Chrome-alum  forms  dark  purple 
octahedra  (K2O.SO3,Cr2O3.3S03.24Aq.)  which  contain  the  violet  modifi- 
cation of  the  sulphate ;  and  if  its  solution  in  water  be  boiled,  its  purple 
color  changes  to  green,  and  the  solution  refuses  to  crystallize.1  The 
anhydrous  sulphate  of  chromium  forms  red  crystals,  which  are  insoluble 
in  water  and  acids.  A  green  basic  borate  of  sesquioxide  of  chromium 
is  used  in  painting  and  calico-printing,  under  the  name  of  vert  de.  Guiynrt, 
and  is  prepared  bj-  strongly  heating  bichromate  of  potash  with  3  parts 
of  crystallized  boraeic  acid,  when  borate  of  potash  and  borate  of  chro- 
mium are  formed,  half  the  ox3Tgen  of  the  chromic  acid  being  expelled. 
The  borate  of  potash  and  the  excess  of  boraeic  acid  are  afterwards 
washed  out  by  water.  By  reducing  an  alkaline  chromate  with  hyposul- 
phite of  soda,  the  compound  Cr,O3.OO3  has  been  obtained  as  a  brown 
precipitate. 

Protoxide  of  Chromium  (CrO)  is  not  known  in  the  pure  state,  but  is 
precipitated  as  a  brown  hydrate  when  protochloride  of  chromium  is 
decomposed  by  potash.  It  absorbs  oxygen  even  more  readily  than  pro- 
toxide of  iron,  becoming  converted  into  a  hyd rated  proto-sesquioxide  of 
chromium  (CrO.Cr203),  corresponding  in  composition  to  the  magnetic 
oxide  of  iron.  The  protoxide  of  chromium  is  a  feeble  base ;  a  double 
sulphate  of  protoxide  of  chromium  and  potash  (CrO.SO3,K2O.SOr6Aq.) 
is  known,  which  has  the  same  crystalline  form  as  the  corresponding  iron 
salt  (FeO.S03,K2O.SO3.6Aq.)  ;  it  has  a  blue  color,  and  gives  a  blue  solu- 
tion, which  becomes  green  when  exposed  to  air,  from  the  formation  of 
sesquioxide  of  chromium. 

Perchromic  acid  (HCrO4,  or  H2O.Cr2O7),  is  believed  to  exist  in  the 
blue  solution  obtained  b}T  the  action  of  peroxide  of  hydrogen  upon  solu- 
tion of  chromic  acid,  but  neither  the  acid  nor  its  salts  have  been  obtained 
in  a  separate  state. 

231.  Chlorides  of  Chromium. — The  8C*quicMoride  of  chromium  (Cr2Cl6),  obtained 
by  passing  dry  chlorine  over  a  mixture  of  sesquioxide  of  chromium  with  char- 
coal, heated  to  redness  in  a  glass  tube,  is  converted  into  vapor,  and  condenses  upon 
the  cooler  part  of  the  tube  in  shining  leaflets,  having  a  fine  violet  color.  Cold 
water  does  not  affect  them,  but  boiling  water  slowly  dissolves  them  to  a  green  solu- 
tion resembling  that  obtained  by  dissolving  sesquichloride  of  chromium  in  hydro- 
chloric acid. 

Protochloride  of  chromium  (CrCl2)  results  from  the  action  of  hydrogen,  at  a  red 
heat,  upon  the  sesquichloride.  Strange  to  say,  it  is  white,  and  dissolves  in  water  to 
form  a  blue  solution  which  absorbs  oxygen  from  the  air,  becoming  green.  It  is 
remarkable  that  if  the  violet  sesquichloride  of  chromium  is  suspended  in  water,  and 
a  minute  quantity  of  the  protochloride.  added,  the  sesquichloride  immediately  dis- 
solves to  a  green  solution,  evolving  heat. 

1  Exposure  to  cold,  it  is  said,  again  converts  it  into  the  crystallizable  violet  form. 
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Chlorotkromic  acid  (( 

•  H  10  part-  v  fused 
together  nnd  broken  into  fragm-                              M  <>t'  <>il  .>f  vim 

•JCrO,+4NftCl  +  »  II  " -",   =K,O.SO,+2(Na/>.8Ot)+8H,O+2CrOfClr 
•»  bromine  in  appearance,  and  fume*  V«T  . 

It  i«  11  ,'>rinn- 

ting  ai; 

•  .1   to    illu-tnttr  tin-   h:i!ur.-   of  illuminating   flume*;    f-T    if 
hydrogen  be  pau» 

the  gM  becomes  charged   with    r  Bairns  with  a  brilliant 

u  hit.'  (lame,  which  deposits  a  beautiful  -'•••••"  tilm  of  sesquioxide  of  chromium  upon 
a  cold  surface. 

The  i'  •!  to  thi*  oorii|M.ijnd,  is  morecorn-ct  thmi 

rm  nails.     \\ 

in  a  seale<!  rted  into  a  black  solid  body,  at-. 

CrOjCI,^ 

itil>  compound  of  chromium,  obtained 

unit*'  <>f  l<-nd  with  fluorspar  and  sulphuric  acid;  it  i*  a  red  gaa, 
r«>d  liquid  at  u  low  temperature.     Water  decompose- 
•nic  and  hydrofluoric  acids. 

Sc.<tq<iixul/)hide  of  <•/•  <     .S,)  i»  formed  when  vapor  of  bisulphide  of  carbon 

w  passed  over  secquioxi •:  miuni  ln-ati d  to  redneM.     It  forms  black  lustrous 

tcales  resembling  grap 

.     Cofxllf. 

. — Many  i><»int8  of  resi'inl. Inner  \\ill  in  tin? 

rlu-mi«-:il    history  of  tin--*-    nu-tals    to  jiistity  tlu-ir    l.»-inur    rla^snl    ii»  the 

llu-y  an-  all  capahle  of  decomposing:  \ 

•i-ily  «lis|il:u-r   hydroot-n    IVom    hy«lrorhlori<-   n.-iil.      Kru-h   of   tlu-in 
forms  a  base  by  conihinin-:  with  on.-  atom  .,(  OXJgeO,  ami  tin's*-  o 
1  u-o.i uce  salts  which  have  the  same  oryttelUiM  form.      All  these  oxides, 
those  of  zinc  and  nick.-l.  ra->il\  absorb  o.\ \m-n  IVom  tlu-  air,  and 
are  convi-rU'il  into  -  i,.^.     /;,,,.  ,|1M  U>,  and 

the  sesquioxide  of  nickel  is  an  imlittrrcnt  o\i«h-.  \\l.il,-  that  of  .-..!. nit  is 
very  feebly  basic;  the  Be>'|iiio\i.|,-  (,r  iiianuain-se  is  a  stronger  ba- 
the basic  proju-rtirs  of  tin-  -f><|iii"\i,lr>  of  chromium  an«l  iron  m, 
nickel  Mo  not    exhibit  any  '  tO   form  I 

.  luit  the  cxi-t»-iice  of  an  a«-i.l   oxiih-  "I'  «••.!. alt 
1  iron,  manganese,  ami  chromium  fi.rm  un>l»n!>tc<i 

three-  its  of  oxygen.  •.«!  nickel   are  only  known  to  form 

•-mpoiind  with   chlorine;   c«>Kalt  and  man  im.  in  a«hlition 

to   their    |»iotochlori«le->.   \eiy    unstable   se>.jnichlori«le's    known    only    in 
solution,  luit  iron  uinl  chromium  \'»i  in  \  er\  -tai-le  \  i.lal  ile  -M^'jineM' 

•n|K)sing  this  gron|i  are  all  l'i\a!.-nt  or  diatomic.'  and   are 
found   associated   in  natural    mineiaU;    this   18  especially  tlu>   .-a-e  with 

kel.      'I'!  cd    l.y    the 

•  t.  with   the   exception    of  /inc.  and.  with  the 

ii^li    temperature    lor    their    fusion.      Through    /.inc,    the 

,r rou p  are  d  \\  ith  maurnc^ium.  \N  h.  Mes  it 

in  volatility,  in  c«.ml>u-'lil.ility,  and    in  the   crystalline  form  of  it-,   v:ilt«,. 

'    this    ^joiij,    with    aluminum,  tli' 

ug  isomorphoii-.  with  alumina,  and  their  ses(jui<'hloi  i«h-s  \.. la- 
tile  like  that  of  aluminum. 


M*JUloild« 
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COPPER. 

Cu"  =  63.5  parts  by  weight. 

233.  Metallic  copper  is   met  with  in  nature  more  abundantly  than 
metallic  iron,  though  the   compounds  of  the  latter  metal  are  of  more 
frequent  occurrence  than  those  of  the  former.1     A  very  important  vein 
of  metallic  copper,  of  excellent  quality,  occurs  near  Lake  Superior  in 
North  America,  from  which  6000  tons  were  extracted  in  1858.     Metallic 
copper  is  also  sometimes  found  in  Cornwall ;  and  copper  sand,  contain- 
ing metallic  copper  and  quartz,  is  imported  from  Chili. 

234.  Ores  of  Copper. — The  most  important  English  ore  of  copper  is 
copper  pyrites,  which  is  a  double  sulphide,  containing  copper,  iron,  and 
sulphur  in  the  proportions  indicated  by  the  formula  CuFeS2.     It  may  be 
known  by  its  beautiful  brass  yellow  color  and  metallic  lustre.     Copper 
pyrites  is  found  in  Cornwall  and  Devonshire,  and  is  generally  associated 
with  arsenical  pyrites  (FeS2.FeAs2),  tinstone  (Sn02),  quartz,  fluor  spar, 
and  clay.     A  very  attractive  variety  of  copper  pyrites,  is  called  varie- 
gated copper  ore  or  peacock  copper,  in  allusion  to  its  rainbow  colors  ;  its 
simplest  formula  is   Cu3FeS3.     This  variety  is  found  in  Cornwall  and 
Killarney. 

Copper  glance  (Cu2S)  is  another  Cornish  ore  of  copper,  of  a  dark-gray 
color  and  feeble  metallic  lustre. 

Gray  copper  ore,  also  abundant  in  Cornwall,  is  essentially  a  com- 
pound of  the  sulphides  of  copper  and  iron  with  those  of  antimony  and 
arsenic,  but  it  often  contains  silver,  lead,  zinc,  and  sometimes  mercury. 

Malachite,  a  basic  carbonate  of  copper,  is  imported  from  Australia 
(Burra  Burra),  and  is  also  found  abundantly  in  Siberia.  Green  mala- 
chite, the  most  beautifully  veined  ornamental  variety,  has  the  composi- 
tion CuO.CO2,CuO.H2O,  and  blue  malachite  is  2(CuO.C02).CuO.H2O. 

Red  copper  ore  (Cu20)  is  found  in  West  Cornwall,  and  the  black 
oxide  (CuO)  is  abundant  in  the  north  of  Chili. 

235.  The  seat  of  English  copper-smelting  is  at  Swansea,  which  is 
situated  in  convenient  proximity  to  the  anthracite  coal  employed  in  the 
furnaces.     The  chemical  process  by  which  copper  is  extracted  from  the 
ore  includes  three  distinct  operations:  (1)  The  roasting,  to  expel  the 
arsenic  and  part  of  the  sulphur,  and  to  convert  the  sulphide  of  iron  into 
oxide  of  iron:  (2)  the  fusion  with  silica,  to  remove  the  oxide  of  iron  as 
silicate,  and  to  obtain  the  copper  in  combination  with  sulphur  only  ;  and 
(3)  the  roasting  of  this  combination  of  copper  with  sulphur,  in  order  to 
expel  the  latter  and  obtain  metallic  copper. 

The  details  of  the  smelting  process  appear  somewhat  complicated, 
because  it  is  divided  into  several  stages  to  allow  of  the  introduction  of 
the  different  varieties  of  ore  to  be  treated.  Thus,  the  first  roasting  pro- 
cess is  unnecessary  for  the  oxides  and  carbonates  of  copper,  and  the 
fusion  with  silica  is  not  needed  for  those  ores  which  are  free  from  iron, 
so  that  they  may  be  introduced  at  a  later  stage  in  the  operations. 

(1.)  Calcining  or  Roasting  the  Ore,  to  expel  Arsenic  and  Part  of  the 
Sulphur. — The  ores  having  been  sorted,  and  broken  into  small  pieces, 

1  Copper  is  not  at  all  frequently  found  in  animals  or  vegetables;  but  Church  has  made  the  reinark- 
able  observation  that  the  red  coloring  matter  (turacine)  of  the  feathers  of  the  plantain-eater  (touraw) 
contains  as  much  as  5.9  percent,  of  copper. 
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are  mixed  so  as  to  contain  fn.m  v 
in  quantities  of  about   t! 


i  i 


cious  hearth  II.  I  -~>f>)  of  a  revcrberatory  furnace  (Fig.  255),  at  a 
-uilicient  for  fusion,  bring  occasionally  stirred  to  expose 
tin-in  freely  to  tin-  action  of  the  air, 
which  is  admitted  into  tin-  I'm. 
through  an  opening  (())  in  the  side  of 
the  hearth  upon  which  the  • 
The  o\\  -en  of  tin-  air  OODWti  a  part  of 
the  sulphur  into  sulphurous  aeid  gas, 
ami  tin-  hulk  of  the  arsenic  into  ar-eni- 
OU8  acid,  which  passes  off  in  the  f.  .rm 
of  \apor.  A  pait  of  the  sulphide  of 
iron  U  c«,ii\,-rtn|  into  sulphate  of  iron 
l>v  ai-s<»rl.iiiLr  oxygen  at  m.  tage 

of    the   process,  and   this  sulphate    is 
•  •rwanls  .i  •  '1  at  a  higher  tem- 

perature, evolving  sulphnro;  Iphuric  :»ci<ls.  and   taurtafl   «'\ide 

of  iron  (srr  p.  :;."••',).      A    |  onion  of  the  sulphide  of  copper  is  also  con- 
I,.  ,,f  copprr  duiii.  that  the  n-aM.-d  ore 

1  .ally  <»f  n  mixture   of  o\ide  and  sulphide   of  copp«-r  with 
lUlphioC  of  ii  -  •  !phi«U»  of  iron  is  mOTt  easily 

;  per,  the  greater  part  of  the  latt.-r  remains 
in  the  roosted  ore. 
I  MM  :istiiig  of  copper  ore,  dense  white  fumes  «  m  the 

, 
phiirons.  sulphuric,  and  hxdn.Muo!  i  from 

tin-  tli,  Iwlthtl •«•  :    if  all-.ued  to  rsca;  fumes 

•ninate  the  air  in  the  neighborhood,  and    cop|,rr-smelters 
,.rinur    f>   apj  method    of   eondensin-.  and    perhaps 

(2.)    /  '  'oar*e   M 

-The  ro:, 

i    \\ith    //,.  I    \\  ith  ores   eoiitainin^ 

siliri.  .  1-iit  no  sulphur  ;   tlu>  mixture   isintro- 

ft>r   ti\e    hours  at  a 

than  that  employed    i:.  lOUf   "p1'1  I  ' 

:ise  the  tluiditV 

M  "lag. 
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The  oxide  of  copper  acts  upon  the  sulphide  of  iron  still  contained  in 
the  roasted  ore,  with  formation  of  sulphide  of  copper  and  oxide  of  iron  ; 
but  since  there  is  more  sulphide  of  iron  present  than  the  oxide  of  cop- 
per can  decompose,  the  excess  of  sulphide  of  iron  combines  with  the 
sulphide  of  copper  to  form  a 
fusible  compound,  which  sepa- 
rates from  the  slag,  and  collects 
in  the  form  of  a  matt  or  regulus 
of  coarse  metal,  in  a  cavity  (C) 
on  the  hearth  of  the  furnace;  it 
is  run  out  into  a  tank  of  water 
(T)  in  order  to  granulate  it,  so 
that  it  may  be  better  fitted  to 
undergo  the  next  operation. 

The  oxide  of  iron  combines 
witli  the  silicic  acid  contained 
in  the  charge,  to  form  a  fusible 
silicate  of  iron  (ore-furnace 
slag),  which  is  raked  out  into 
moulds  of  sand,  and  cast  into 
blocks  used  for  rough  building- 
purposes  in  the  neighborhood. 

The  composition  of  the  coarse 
metal  corresponds  pretty  closel}r 
with  the  formula  CuFeS2.  It 
contains  from  33  to  35  per  cent. 

of  copper ;  whilst  the  original  ore,  before  roasting,  is  usually  sorted  so 
that  it  may  contain  about  8.5  per  cent. 

The  ore-furnace  slag  is  approximately  represented  by  the  formula 
FeO.SiO2;  but  it  contains  a  minute  proportion  of  copper,  as  is  shown 
by  the  green  efflorescence  on  the  walls  in  which  it  is  used  around  Swan- 
sea. Fragments  of  quartz  are  seen  disseminated  through  this  slag. 

(3.)  Calcination  of  the  Coarse  Metal,  to  convert  the  greater  part  of 
the  Sulphide  of  Iron  into  Oxide. — The  granulated  coarse  melal  is 
roasted  at  a  moderate  heat  for  twenty-four  hours,  as  in  the  first  opera- 
tion, so  that  the  oxygen  of  the  air  may  decompose  the  sulphide  of  iron, 
removing  the  sulphur  as  sulphurous  acid  gas,  and  leaving  the  iron  in  the 
form  of  oxide. 

(4.)  Fusion  for  White  Metal,  to  remove  the  whole  of  the  Iron  as  Sili- 
cate.— The  roasted  coarse  metal  is  mixed  with  roaster  and  refinery  slags 
from  processes  5  and  6,  and  with  ores  containing  carbonates  and  oxides 
of  copper,  and  fused  for  six  hours,  as  in  the  second  operation.  Any 
sulphide  of  iron  which  was  left  unchanged  in  the  roasting,  is  now  con- 
verted into  oxide  of  iron  by  the  oxide  of  copper,  the  latter  metal  taking 
the  sulphur.  The  whole  of  the  oxide  of  iron  combines  with  the  silicic 
acid  to  form  a  fusible  slag,  the  composition  of  which  is  approximately 
represented  by  the  formula  3FeO.2SiO2. 

The  matt  or  regulus  of  white  metal  which  collects  beneath  the  slag  is 
nearly  pure  subsulphide  of  copper  (Cu.2S),  half  the  sulphur  existing  in 
the  protosulphide  (CuS)  having  been  removed  by  oxidation  in  the  fur- 
nace. The  white  metal  is  run  into  sand-moulds  and  cast  into  ingots. 
The  tin  and  other  foreign  metals  usually  collect  in  the  lower  part  of  the 
ingot,  so  that,  for  making  best  selected  copper,  the  upper  part  is  broken 

24 
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off  and  worked  separately,  tin-  in!  tin*  lower 

part  of  the  ingot  i>«  .jots  of  \\ 

often  cont:t  lifts  of  metal  1  form  of  copper 


slag  separated   t'n.in  the  white  metal  (//••  is  mud, 

fluid  than  tin-  ore-furnace  slag,  and  contains  -o  unich  silirute  of  , 
that  it  is  preserved  for  use  in  the  melting  for  coarse  metal. 

(5.)  U'hiti'  M 

jots  of  white  metal  n«>  tin-  amount 

laced  upon  the  hearth  of  a  :  and  heated 

;r  hours  to  a  temperature  just    below  fu-ion,  so  ti.  iy  I.e 

-oil-fare.  the  .-ulplmr  pa  —  ing  off  as  sulphuron-  acid,  arid 

the  cojtper  bcin<£  converted  into  oxide.     I  >ui  in-_r  this  roasting  t 

part  of  the  arsenic,  generally  present  in  the  fine   metal,  is  . 

arsenic  us  arid.     The  temperature  Is  then  raised,  so  t  .-may 

be  com  pie  t  i.  after  \\  Inch  it  is  lower  .   till  the    1-jth  hour. 

-•r  now  acts  upon   the  sulphide  of   copper  to   form 

metal!  1   sulphurous  acid  gas,  which  escapes  with  violent 

ebullition  from  the  melted   mass;  Cu,S  -f  2CuO  =  SO,  +  Cu4.      When 

ullition  ceases,  the  temperature  is  again  raised  so  as  to  emu 
complete  separation  of  the  copper   from   the  slag,  and  the   m< 
out  into  moulds  of  sand.     Its  nan  i-  -l.-i  i\  •••!  from  the 

inre  caused  by  t!,-  of  the  last  portions  of  sulphuroi 

from  tiie  meta!  in  the  mould. 

The  slag(roo  1  in  this  operation  by  thecombii. 

of  a  part  »•  ;..T  \\  ith  sili<-ic  acid  deri\  <-d   fromthesand 

adhering  to  the  ingots,  and   from   the  hearth  of  the  furna.-r.      The  slag 
also  contains  the  silicates  of  iron  and  of  other  M-  tin  and 

lead,  which  miiiht  have  been-  iiite  metal.     This  slag  is 

used  again  in  the  melting  for  white  metal. 

I,  —  This  process  consists  in 

slowly  fusing  7  or  8  tons  of  the  blMer.-d  copper  in  a  revcrberat««r\  fur- 
nace, so   t  passing  through    the   furnace   may   remove  any 

remaining  sulphur  as  sulphurous  acid,  and  m:i\  the  small 

tities  •  pre-eiit    in   the   metal.      Of  course,  a 

proportion  of  the  copper  is  ,,.  .    time,  and  th- 

'o-ether  with  tlie  oxides  of  t  he  foreign  n.  ultine  with 

n  the  hearth  or  from  adhering  sand)  to  form  a  slai: 
collect-  upon  the  surface  of  the   melted  co  | 

;;»ol\ed  1>\   tin-  metali:  i'rittli1 

. 

the    CopJfCT    to  -After    about    twenty    hoi,  -lag    is 

•loin    the   metal,  a  •  r  the 

B  to  piwrnt  fiirth-  ;;id  the  n.- 

with  a  pole  of  young  wood,  until  a  small  -ample.  remo\.  .  mina- 

tion,  praetnti  n  j-eeuliar  silky  nurture,  ind: 

The  :._:e  during  the   p.,i  |   inthere- 

prc-ent   in  th- 
the  reducing  action  iuiiu-til»le  gases  disengaged  from  the  wood. 

The  pre-elire  of  a  Miiall 

N   upon   the   in.  the   poll!,  •  .lined 
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until  the  whole  of  the  oxygen  is  removed,  over  poled  copper  of  lower 
tenacity  is  obtained.  On  the  other  hand,  the  brittleness  of  under  poled 
copper  is  due  to  the  presence  of  suboxide  of  copper  in  too  large  propor- 
tion. Tough-cake  copper  is  that  which  has  been  poled  to  the  proper 
extent. 

When  the  copper  is  intended  for  rolling,  a  small  quantity  (not  exceed- 
ing ^  per  cent.)  of  lead  is  generally  added  to  it  before  it  is  ladled  into 
the  ingot  moulds. 

The  chemical  changes  which  take  place  during  the  above  processes 
will  be  more  clearh'  understood  after  inspecting  the  subjoined  table, 
which  exhibits  the  composition  of  the  products  obtained  at  different 
stages  of  the  process,  these  being  distinguished  by  the  same  numerals 
as  were  employed  in  the  above  description. 

Product*  obtain"!  in  xnu-lting  Ore*  of  Copper. 


In  100  parts.                     Ore. 

Ore. 

Coarse 

Metal. 

Metal. 

White 
Metal. 

Blister  Refined  T«»fJ- 

'  "I'l'"r-   ('"l'l'"r-  (Vpp'r. 

Copper,  
Iron,  17.0 
Sulphur,       ....       !'.»  '•» 
Owgen,  .          .                   1.0 

(1.) 
8.6 
176 
12.5 
4.5 
34.3 
1  1 

(2.) 

88.7 

33.6 
29.2 

(3.) 
33.7 
33.6 
13.0 
11.0 

(4.) 
77.4 
n.7 
210 

(5.) 

98.0 
0.5 

.°2 

(6.) 

99.4 
trace, 
trace. 
0.4 

(7-) 
99.6 
trace. 

trace. 
003 

Silicic  acid,      .     .     .      34.3 
Sulphuric  acid,     

. 



Ore 
Furn'ce 
Slag. 

Metal     Roaster 
Slag. 

Re- 

finerv 
Slag. 



Oxide  of  iron  (FeO),    

(2.) 
28.5 
05 
30.0 



(4.) 
56.0 
0.9 
33.8 

(5.) 

28.0 
16.9 
47.5 

(6.) 
3.1 
362 
474 

Suboxide  of  copper  (Cu2O),  . 
Silicic  acid             .          

Slue  metal  is  the  term  applied  to  the  regulus  of  white  metal  (from  process  4), 
when  it  still  contains  a  considerable  proportion  of  sulphide  of  iron,  in  consequence 
of  a  deficient  supply  of  oxide  of  copper  in  the  furnace.  Pimple  metal  is  obtained  in 
the  same  operation  when  the  oxide  of  copper  is  in  excess,  so  that  a  portion  of  the 
copper  is  reduced,  as  in  process  5,  with  evolution  of  sulphurous  acid,  which  pro- 
duces the  pimply  appearance  in  escaping.  The  reduced  copper  gives  a  reddish 
color  to  the  pimple  copper.  Coarse  copper  is  a  similar  intermediate  stage  between 
white  metal  and  blistered  copper.  Tile  copper  is  that  extracted  from  the  bottoms  of 
the  ingots  of  white  metal,  when  the  tops  have  been  detached  for  making  best  .select 
copper.  Rosette  or  rose  copper  is  obtained  by  running  water  upon  the  toughened 
metal,  so  as  to  enable  the  metal  to  be  removed  in  films.  Anglesea  or  Mono,  copp&r 
is  a  very  tough  copper,  reduced  by  metallic  iron  from  the  blue  water  of  the  copper 
mines,  which  contains  sulphate  of  copper. 

236.  For  the  purpose  of  illustration,  copper  may  be  extracted  from  copper  pyrites 
on  the  small  scale  in  the  following  manner: 

200  grains  of  the  powdered  ore  are  mixed  with  an  equal  weight  of  dried  borax, 
and  fused  in  a  covered  earthen  crucible  (of  about  8  oz.  capacity),  at  a  full  red  heat, 
for  about  half  an  hour.  The  earthy  matters  associated  with  the  ore  are  dissolved 
by  the  borax,  and  the  pure  copper 'pyrites  collects  at  the  bottom  of  the  crucible. 
The  contents  of  the  latter  are  poured  into  an  iron  mould  (scorifying  mould,  Fig. 
258),  and  when  the  mass  has  set,  it  is  dipped  into  water.  The  semi-metallic  button 
is  then  easily  detached  from  the  slag  by  a  gentle  blow;  it  is  weighed,  finely  pow- 
dered in  an  iron  mortar,  and  introduced  into  an  earthen  crucible,  which  is  placed 
obliquely  over  a  dull  fire,  so  that  it  may  not  become  hot  enough  to  fuse  the  ore, 
which  should  be  stirred  occasionally  with  an  iron  rod  to  promote  the  oxidation  of 
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;>hur  by  the  air.     When  the  odor  of  tulphui 

M  a  Sef»tr6m'»  blatt-fn-  and  exposed  for  a  few 

minute*  to  a  white  boat,  ii.  ifoompofe  the  Milptmte*  -.; 

•»•*   of   sulphuric 
acid    are    perc- 

liit-'ii  :i  re,  held  over  th<-  ir»n 

I  roM»tcd  «>r 

i  tula". 

This  mixture  of  the  oxides  of  copper 

and  iron  is  reduced  to  a  fine  powder, 

I   with  600  i; rain*  of  drie«l 

1  charcoal,  r.-turn.  .1  t<>  th««  same 
crtu  <N)  grains  of 

dried  borax,  and  heated  in  n  -  furnace  for  t\\.-m\  tmmu«-.      i 

partly,  plunged  into  water  ll  brittle,  and  en 

vinirt   tin-   button  of  metullic  copper,  which  i.-  weighed  to  ascertain  the 
:. t  contained  in  the  original  ore. 

237.  Effect  of  >y  of  Copjx-r.— The  infoi -ma- 

lion  pOMMMd  bj  chemists  upon  this  subject  is  still  very  limited.  It 
has  been  already  mentioned  that  the  presence  of  a  small  proportion  of 
per  in  commercial  copp,-r  i-  f.nin.l  to  in.-n'ii-c  it-  tough- 
ness. It  i>  l.«-li«-v«-.l  tli.-it  ropp.-r.  prrl'r.-tly  I'rci-  from  ii)rl:illic  iinpuri- 
ties,  is  not  improved  in  rjualitv  l»y  tin-  p:-  f  tin-  Miln-xidr.  l.nt 

that  this  su!)stance  has  the  effect  of  count cra< -ting  the  red-shot 

.  :;iT)of  comiiH-n-ial  (-"ppi-r,  caused  l.v  ttu-  pif-mcc  of  foreign 
i  Is. 

,s'»///.////r,  even  in  minute  proportion,  appears  seriously  to  injtn 
malleability  of  ropper. 

il  alnii.nt  in  variably  present  in  copper,  v.  ry  fn-.pirntly  amount- 
ing to  0.1  per  rent.,  and  does  not  appear  to  exercise  any  injurious  iniln- 
.. port  ion:  indeed,  ii-  pi .-,  ,,ce  is  sometimes  stated  t«.  in- 
crease the  malleability  and  tenaeity  of  the  metal. 

I  not  Usually  found  in  the   eopp,-r  of  con 

pnrpoM-ly  added    in    .jnanti'ty  varying    IVom    d.l'J    to    <i..">    p«T   eent.   it    is 
found  to  increase  the  hardness  and  tenarity  of  th*  hough  ren- 

dering it  somewhat  red-short. 

.  in  minute  pr«.p..rtion,  is  also  said  to  increase  the  toughness  of 
•houudi  any  eon^ideral.le  proportion  H 

,  i-  a  \n\   ..l.jectionable    impurity,  and    is    l.y  im    means    un- 
nion  in  samples  of  < -..p| 

i  to  injure  the  .piality  ofOOppei  in  whieli  it  OOOOIS. 
;  jt-nerally  found    in  marketable   eopper, 

but  t ;  (iinlil  N    ha-  i.  '--arly  -Ictrnn 

All  iinpnriiii-N  ap|-  :ie  malleability  and  tena.  it\ 

more  prrrrptil.ly  at  hi-_'h  than  at  low  tein| 

•>Wer  Of  C<»ppi  Meeted   iii 

ordinary  degree  1-ytin-  prettnoe  of  impurities.    Thus.  If  the  oondnoting 
power  of  chemi  sally  pur.-  eopp,-r  be  represent  eil  by  l<»o.  that  oft!;, 
l.akr  Suprri-.r  ha-  b.-.-n  RMlttd  to  I,,- 

r.uri-a    tin 

South  Au-tialia  was  89,  whilst   that  <•!'  .ikable   for 

•lini:  inu<  -    1  J. 

:isolutioi,  ulphateof 

r    b\    tin-  I  t'    the 

negati  I   t"  a  copper  pl:r  led   in  the.  solution. 
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238.  Properties  of  Copper. — The  most  prominent  character  which 
confers  upon  copper  so  high  a  rank  among  the  useful  metals  is  its  mal- 
leability,  which  allows  it  to  be  readily  fashioned  under  the  hammer,  and 
to  be  beaten  or  rolled  out  into  thin  sheets ;  among  the  metals  in  ordi- 
nary use,  oi\\y  gold  and  silver  exceed  copper  in  malleability,  and   the 
comparative  scarcity  of  those  metals  leads  to  the  application  of  copper 
for  most  purposes  where  great  malleability  is  requisite. 

Although,  in  tenacity  or  strength,  copper  ranks  next  to  iron,  it  is  still 
very  far  inferior  to  it,  for  a  copper  wire  of  j1^  inch  in  diameter  will  support 
only  385  Ibs.,  while  a  similar  iron  wire  will  carry  705  Ibs.  without  break- 
ing ;  and  in  consequence  of  its  inferior  tenacity,  copper  is  less  ductile 
than  iron,  and  does  not  admit  of  being  so  readily  drawn  into  exceed- 
ingly thin  wires. 

The  comparative  ease  with  which  copper  may  be  fused,  allows  it  to  be 
cast  much  more  readily  than  iron;  for  it  will  be  remembered  that  the 
latter  metal  can  be  liquefied  only  by  the  highest  attainable  furnace  heat, 
whereas  copper  can  be  fused  at  about  2000°  F.,  a  temperature  generally 
spoken  of  as  a  bright  red  heat. 

As  being  the  most  sonorous  of  metals,  copper  has  been,  from  time 
immemorial,  employed  in  the  construction  of  bells  and  musical  instru- 
ments. The  readiness  with  which  it  transmits  electricity  is  turned  to 
account  in  telegraphic  communication,  its  conducting  power  being 
almost  equal  to  that  of  silver,  which  is  the  best  of  electric  conductors. 
In  conducting  power  for  heat,  copper  is  surpassed  only  by  silver  and 
gold. 

Copper  is  not  so  hard  as  iron,  and  is  somewhat  heavier,  the  specific 
gravity  of  cast  copper  being  8.92,  and  that  of  hammered  or  drawn 
copper  8.95. 

The  resistance  of  copper  to  the  chemical  action  of  moist  air  gives  it 
a  great  advantage  over  iron  for  many  uses,  and  the  circumstance  that  it 
does  not  decompose  water  in  presence  of  acids,  enables  it  to  be  em- 
ployed as  the  negative  plate  in  galvanic  couples. 

239.  Effect  of  Sea-  Water  upon  Copper. — When  copper  is  placed  in  a 
solution  of  salt  in  water,  no  perceptible  action  takes  place ;  but  in  the 
course  of  time,  if  the  air  be  allowed  access,  it  becomes  covered  with  a 
green  coating  of  oscychloride  of  copper  (CuCl2.3Cu0.4H20),  the  action 
probably  consisting,  first,  in  the  conversion  of  the  copper  into  oxide  by 
the  air,  and  afterwards  in  the  decomposition  of  the  oxide  by  the  chloride 
of  sodium  ;  4CuO  +  2NaCl  =  CuCl2.3CuO  +  Na20.      The    surface  of 
the  copper  is  thus  corroded,  and  in  the  case  of  a  copper-bottomed  ship, 
the  action  of  sea-water  not  only  occasions  a  great  waste  of  copper,  but 
roughens  the  surface  of  the  sheathing,  and  affords  points  of  attachment 
to  barnacles,  &c.,  which  injure  the  speed  of  the  vessel.     Many  attempts 
have  been  made  to  obviate  this  inconvenience.     Zinc  has  been  fastened 
here  and  there  to  the  outside  of  the  copper,  placing  the  latter  in  an 
electro-negative   condition  ;  the   copper  has  been   coated  with  various 
compositions,  but  with  very  indifferent  success.     Muntz  metal  or  yellow 
sheathing,  or  malleable  brass,  an  alloy  of  3  parts  of  copper  and  2  parts 
of  zinc,  has  been  employed   with  some  advantage  in  place  of  copper, 
for  it  is  very  much  cheaper  and  somewhat  less  easily  corroded;  but  the 
difficulty  is  by  no  means  overcome.     Copper  containing  about  0.5  per 
cent,  of  phosphorus  is  said  to  be  corroded  by  sea-water  much  less  easily 
than  pure  copper. 


ALLOYS    OP    COPPER. 


240. 

Tin-  use  of  cop;  .limn  \  vessels  ha-  to  serious 

conse  poitOtHMN 

•  •!'  tin-  comlit  ion-  under  \\liii-li  these  compounds  a 
A  perfectly  clean  surfaci*  of  metallic 

the  substances  employed  in  the  pi.  p-i-.-/:-  i,  •  •!'  food,  l.ut    if  tin 
has  been  allowed  :..  remain  exposed  to  the  action  «>r  tin-  air.  it  becomes 

COVen  tilin  of  OH  -eijuently  coinliines 

with  watt-rand  carl'  from   tin-  air,  t->   produce  a  basic 

carbonate  of  copper,1  \\incii.  !•••»•.  >miii_  I,  or  mixed  with  tbt  food 

prepared  in  these  vessel-  n  it  a  poisonous  c-1.  This 

r  may  be  avoided  ),\  the  use  of  vessels  which  an-  pcrfe.  -tl\ 
and  hi  i'_iht,  but  even    from   these,  certain   article*   of  food    m 
(  ontaminatcd    with    copper,    for   tlii*    metal    i>    much   m<»rc   likelv    t«>   lie 
•  •xidi/.ed  by  the  air  when  in  contact  with  acid-  (\ine^ai.  unit*, 

Ac.),  or  with  fatty  matters,  or  even   with  common   salt,  ami  it'  «>\ 
ci.|i|.er  l.e  once  formed,  it  will  be  readily  dissolved   l>y  -u.-h  MI!.*! 

it  i>  n-iial  to  coat  the  interior  of  c««|.|.er  \.---els  with   tin,  which 
to  resist  the  action  of  the  air,  even  in  the  presence  of  acids  and 
saline  matters. 


I'll.    /',./'//    .:  f  Copper  with  oth'  The  most   impor- 

tant alloys  of  which  copper  is  a  predominant  constituent  arc  included 
in  the  following  tal.h-  : 

/  100  parts. 


.  .-,.,..  -r 

Alum 

Bran 

64 

86 

Monti  metal  

•.  -ilvi-r 

60  to  70 
61 

40  to  80 

80  :• 

18  6 

•  >r  Otadge'i)  tm-tul, 

GO 
65 

42.4 

0.8 

1.8 
1.8 

Hell  instill 

78 

•'•' 

iiiu  metal 

...,  •; 

1  ;  i 

80 

4 

dun    ni-tiil,  .       . 

Aluminum  bronze,    . 

96 
00 

1 

96 

4 

10 

-x  is  made  by  melting  copper  in  a  cniciMc.  and  add 
more   than    half  its    weight    Of  line.      It    is    dillicnlt    to  decide   \\helher 
brass  is  a  true  ch.  .p.-nml.  or  a  mere  mechanical   mixture  of 

copper  an*:  :>ecause  it   is   capaMe  of  di-sol\  inir  ,-ither  of  thos,. 

metals  when  in  a  state  of  fusion.     The  circnnistam-,  •.,- dc- 

oinposillg  a  solution    ,  ,-.,pp,-r   and  xinc   l>y  the 

galvni  rOOld  appear   t«»  indicate    that   it    i-   a  cli.-mical    com- 

pound, and    its  ph\  - 

mere    n  \    small  quantity  of  tin    is 

added   to    brass   intended    t'.r  door-plates,  which    render!  i\  ing 

much  easier.      When  it   has   to  he  turned   or  tiled,  ahoiit    -J   p 

to  th«- 
tools   empl'v.  •    i        I'.iass    cani  .    without  losing   ri   p,,iti,,n  of 


Often  errooeuiulj  railed  vtrdiyrit,  which  U  remllj  a  ba#ic  acctau-  of  copper. 


CUPRIC    OXIDE.  375 

its  zinc  in  the  form  of  vapor.  When  exposed  to  frequent  vibration  (as 
in  the  suspending  chains  of  chandeliers)  it  suffers  an  alteration  in  struc- 
ture, and  becomes  extremely  brittle.  The  solder  used  by  braziers  con- 
sists of  equal  weights  of  copper  and  zinc.  In  order  to  prevent  orna- 
mental brass-work  from  being  tarnished  by  the  action  of  air,  it  is  either 
lacquered  or  bronzed.  Lacquering  consists  simply  in  varnishing  the 
brass  with  a  solution  of  shellac  in  spirit  colored  with  dragon's  blood. 
Bronzing  is  effected  by  applying  a  solution  of  arsenic  or  mercury,  or 
platinum,  to  the  surface  of  the  brass.  By  the  action  of  arsenious  acid 
dissolved  in  hydrochloric  acid,  upon  brass,  the  latter  acquires  a  coating 
composed  of  arsenic  and  copper,  which  imparts  a  bronzed  appearance, 
the  zinc  being  dissolved  in  place  of  the  arsenic,  which  combines  with 
the  copper  at  the  surface : 

As2O3  +  6HC1  +  Zn3  =  As2  -f  3ZnCl2  +  3H20. 

A  mixture  of  corrosive  sublimate  (bichloride  of  mercury,  HgCl2)  and 
acetic  acid  is  also  sometimes  employed,  when  the  mercury  is  displaced 
by  the  zinc,  and  precipitated  upon  the  surface  of  the  brass,  with  which 
it  forms  a  bronze-like  amalgam.  For  bronzing  brass  instruments,  such  as 
theodolites,  levels,  &c.,  a  solution  of  bichloride  of  platinum  is  employed, 
the  zinc  of  the  brass  precipitating  a  very  durable  film  of  metallic  plati- 
num upon  its  surface  (PtCl4  +  Zn2  =  Pt  +  2ZnCl2).  Aich-metal  is  a 
kind  of  brass  containing  iron,  and  has  been  employed  for  cannon,  on 
account  of  its  great  strength.  At  a  red  heat  it  is  very  malleable. 

Sterro-metal  (vrsppoq,  strong)  is  another  variety  of  brass  containing 
iron  and  tin,  said  to  have  been  discovered  accidentally  in  making  brass 
with  the  alloy  of  zinc  and  iron  obtained  during  the  process  of  making 
galvanized  iron  (p.  326).  It  possesses  great  strength  and  elasticity,  and 
is  used  by  engineers  for  the  pumps  of  hydraulic  presses. 

Aluminum  bronze  has  been  already  noticed,  and  the  alloys  of  copper 
and  tin  will  be  described  under  the  latter  metal. 

A  very  hard  white  alloy  of  77  parts  of  zinc,  17  of  tin,  and  6  of  copper, 
is  sometimes  employed  for  the  bearings  of  the  driving-wheels  of  loco- 
motives. 

Iron  and  steel  are  coated  with  a  closely  adherent  film  of  copper,  by 
placing  them  in  contact  with  metallic  zinc  in  an  alkaline  solution  of 
oxide  of  copper,  prepared  by  mixing  sulphate  of  copper  with  tartrate 
of  potash  and  soda,  and  caustic  soda.  The  copper  is  thus  precipitated 
upon  the  iron  by  slow  voltaic  action,  the  zinc  being  the  attacked  metal. 
By  adding  a  solution  of  stannate  of  soda  to  the  alkaline  copper  solu- 
tion, a  deposit  of  bronze  may  be  obtained. 

242.  OXIDES  or  COPPER. — Two  oxides  of  copper  are  well  known  in 
the  separate  state,  viz.,  the  suboxide  Cu2O,  and  the  oxide  CuO.  An- 
other oxide,  Cu40,  has  been  obtained  in  a  hydrated  state,  and  there  is 
some  evidence  of  the  existence  of  an  acid  oxide. 

The  black  oxide  of  copper  (cupric  oxide),  CuO,  is  the  black  layer 
which  is  formed  upon  the  surface  of  the  metal  when  heated  in  air.  It 
is  employed  by  the  chemist  in  the  ultimate  analysis  of  organic  substances 
by  combustion  (p.  113),  being  prepared  for  this  purpose  by  acting  upon 
copper  with  nitric  acid  to  convert  it  into  nitrate  of  copper  (p.  166),  and 
heating  this  to  dull  redness  in  a  rough  vessel  made  of  sheet  copper, 
when  it  leaves  the  black  oxide ;  CuO.N205  =  2NO2  +  O  +  CuO.  At  a 
higher  temperature  the  oxide  fuses  into  a  very  hard  mass  ;  but  it  cannot 
be  decomposed  by  heat.  Oxide  of  copper  absorbs  water  easily  from  the 
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air,  I".1  I  )»y  water;  acid-,  however,  dissolve  it,  forming 

the  salts  of  copper.  whence  the   u>e  «.r  oil  of  \itrioland  nitt 
cleansing  tin-  tarnished  siirfa<  •••  «  t  oo] 
pie.  immersed  in  -troni:  :  -lily  washed.  !„•,-.  >rnea  as 

as  when  frethly  coined,     silicic  acid  di-solves  . 

_;h  trni).  ••ratlin-,  forming  silicate  of  copper,  which  IN  taken  ad\an- 
0  producing  a  fine  green  color  in  glass. 

/'•  of  copper  (•  <'usO,  is  formed 

.ixtnrc  of  .">   parts  of  t!  .\ide  with    4    part- 

is heated  in  a  clos.-d  crucible.      It  may  aU«.  »  .  d  bv  l.i.il- 

ing  a  si.  Int  i"ii  of  sulphate  of  copper  with  a  solution  containing  sulphite 
of  soda  ami  carbonate  of  soda  in  equal  quantities,  win  n  the  - 
eopper   i>   precipitated  a^    a    iv«l<lish-yellow  powder,  which   should   IM- 
washed.  l>v  <lccaiitati(»n,  with  lioiled  water  — 

2(CuO.SO,)  4-  2(Na,O.CO,)  +  Na,O.SO,  =  Cu,0  +  3(Xa,O.SO,)  +  2COr 


Tin-  <>r  t  opjM  i  is  a  feeble  base,  but  its  salts  are  not  easily 

•  -I  by  direct    union  with    a«  'rally  dccdupose  it 
into  metallic  copper  and  oxide  of  copper,  which  combine*  with  tli. 

In  the  moi>t  state  it  is  slowly  oxidixcd  !>y  the  air.     A  mnmnia  dissolves 
the  sulioxidc.  forming  a  solution  which  is  perfectly  colorless  until  it   is 
•    into  contact  with  air.  when  it  assumes  a  fine  Mm 

i  into  an  ammoniacal  solution  <•!'  the   oxidr.      If  the 

blue  solution  l.e  placed  in  a  stoppered  bottle  (quite  filled  with  it)  with  a 
strip  of  than  e..pper,  it  will  gradually  become  colorless,  the  oxide  beim; 
a^iiu  redne.-.l  t..  snboxide,  a  portion  of  the  copper  being  diss 
When  copp<-r  filings  are  shaken  wit  h  ammonia  in  a  bottle  of  air,  t  he 
>ame  Line  solution  is  obtained,  the  oxidation  of  the  Copper  being  at- 
tended with  a  simultaneous  oxidation  of  a  portion  of  the  amim-i. 

ion  into  nitrous  acid,  so  that  white  fumes  of  nitrite  of  ammo- 

•  formed  in  the  upper  part  of  the  bottle.      If  the  blue  solution  be 
1  into  a  large  quantity  <•  liii'it  blue  precipitate  of  hydrated 

oxide  ..f  e.,j.p»T  is  obtained.     The  ammoniacal  solution  of  oxide  of  top 
unusual  proprrty  «-f  di->«>|\  in-  paj.er.  c..tton.  tow,  and  other 
\ariet.  .  .  this  substance  being  repivcipitated  from  the  solu- 

iding  an  a<  id. 

-lass.  irn|»arts    to    it    a   fine    red 
which  IH  turned  to  account  by  the  ^lasMnak.-r. 

.  Cu4O,  has  been  obtained  in  combii 
with  \\:it«-r.  b\  the  action  of  protochloride  of  tin  and  p<»tash  upon  a  salt 

ileved   to    be   formed   when   metallic    copper   i-     fil-e.I 
with  i  The  HIM  a  blue  solution  in 

which  is  very  ca»il\  deCOfDpOeed,  with  eTOint  D  and  prccipita- 

Tlie   CN  :i!l    unstable   01  l'l>(>r- 

coi.taiiiin^  more  than  one  atom  of  ox\  ur''ii.  ndrred  probable  by 

tat  oxide  of  copper  acts  like  binoxide  ,,f  ma,.. 

.itatini:  the  disengagement  of  oxygen  from  chlorate  of  p..ta*h  by 
page  64). 

/'hale  of  Copfi'  •/•.-    The  lieantiful  prismatic  cr\  stals  kno\\n  a-^ 
>ie  copp*'/ 

:.ed    a-    formed    in    the    preparation    of  sulphnrou*    a«  id 

"ppcr  in  oil  of  \  it  :  .,-»•.,«  \\  hi.-h  U 

sionally  cmploNed    :  in  "f  this   sal-  ruble 
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suppty  of  the  sulphate  is  obtained  as  a  secondary  product  in  the  process 
of  silver-refining  (p.  243). 

The  sulphate  of  copper  is  also  manufactured  by  roasting  copper  py- 
rites (FeCuSa)  with  free  access  of  air,  when  it  becomes  partly  converted 
into  a  mixture  of  sulphate  of  copper  with  sulphate  of  iron,  FeCuS2  +  08 
=  FeO.SO3  +  CuO.S03. 

The  sulphate  of  iron,  however,  is  decomposed  by  the  heat,  losing  its 
sulphuric  acid,  and  leaving  simply  peroxide  of  iron  (see  p.  355).  When 
the  roasted  mass  is  treated  with  water,  the  oxide  of  iron  is  left  undis- 
solved,  but  the  sulphate  of  copper  enters  into  solution,  and  may  be  ob- 
tained in  crystals  by  evaporation. 

These  crystals,  as  they  are  found  in  commerce,  are  usually  opaque, 
but  if  they  are  dissolved  in  hot  water  and  allowed  to  crystallize  slowly, 
they  become  perfectly  transparent,  and  have  then  the  composition  ex- 
pressed by  the  formula  CuO.S03.5H2O.  If  the  crystals  be  heated  to  the 
temperature  of  boiling  water,  they  lose  four-fifths  of  their  water,  and 
crumble  down  to  a  grayish-white  powder,  which  has  the  composition 
CuO.S03.H.2O,  and  if  this  be  moistened  with  water,  it  becomes  very  hot, 
and  resumes  its  original  blue  color.  The  whitish  opacity  of  the  ordinary 
crystals  of  bluestone  is  due  to  the  absence  of  a  portion  of  the  water  of 
crystallization. 

The  fifth  molecule  of  water  can  be  expelled  only  at  a  temperature  of 
nearly  400°  F.,  and  is  therefore  generally  called  water  of  constitution  (see 
p.  73),  the  formula  of  the  crystals  being  then  written  CuO.S03.H2O.4Aq. 
The  crystals  dissolve  in  four  parts  of  cold  and  two  parts  of  boiling 
water.  The  solution  reddens  litmus. 

The  sulphate  of  copper  is  largely  employed  by  the  dyer  and  calico- 
printer,  and  in  the  manufacture  of  pigments.  It  is  also  occasionally 
used  in  medicine,  in  the  electrotype  process,  and  in  galvanic  batteries. 

If  a  solution  of  sulphate  of  copper  be  mixed  with  an  excess  of  solution 
of  potash,  a  blue  precipitate  of  hydrated  oxide  of  copper  (CuO.H20)  is 
produced.  On  boiling  this  in  the  liquid,  it  loses  its  water  and  becomes 
black  oxide.  The  paint  known  as  blue  verditer  is  hydrated  oxide  of 
copper,  obtained  by  decomposing  nitrate  of  copper  with  hydrate  of 
lime. 

When  ammonia  is  added  to  solution  of  sulphate  of  copper,  a  basic 
sulphate  is  first  precipitated,  which  is  dissolved  by  an  excess  of  ammonia 
to  a  dark  blue  fluid.  On  allowing  this  to  evaporate,  dark-blue  crystals 
of  ammonia-sulphate  of  copper,  CuO.SOa,4NH3,H2O,  are  deposited. 
They  lose  their  ammonia  when  exposed  to  the  air. 

A  basic  sulphate  of  copper,  CuO.SO3,  4(CuO.H20),  constitutes  the 
mineral  brochantite. 

Sulphate  of  copper  cannot  easily  be  separated  by  crystallization  from 
the  sulphates  of  iron,  zinc,  and  magnesia,  because  it  forms  double  salts 
with  them,  which  contain,  like  those  sulphates,  7  molecules  of  water. 
An  instance  of  this  is  seen  in  the  black  vitriol  obtained  from  the  mother- 
liquor  of  the  sulphate  of  copper  at  Mansfeld,  and  forming  bluish-black 
crystals  isomorphous  with  green  vitriol,  FeO.SO3.7H20.  The  formula 
of  black  vitriol  may  be  written,  (CuMgFeMnCoNi)  O.S03.7H20,  the  six 
isomorphous  metals  being  interchangeable  without  altering  the  general 
character  of  the  salt. 

Arsenite  of  copper  or  Scheele's  green  has  been  mentioned  at  p.  278. 

The  basic  phosphates  of  copper  compose  the  minerals  tagalite  and 
libethenite. 
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Donates  of  coj» 
; lul  in inerals  blue  mal</ 

'        0.11,0  II     tin-     smile     conn 

,  and  is  prepared  •    solution-  of  cari 

of  soda  and  sulphate  of  copper.     When  l.oiled  in  the  liquid,  it  is  gradu- 
•-inverted  into  l.l:i. •',-. 

ates  of  copper  are  found   in  the  minerals  </ 
copper,  and  chryw- 

Chlorides  of  Copper — Th- 

(CllCI,)  is  produced  l.y  tin-  direct  union  of  its  elements,  when  it  form* 
a  brown  mass,  which  fuses  easil\.  ami  is  decomposed  into  chlorine  and 
Hiibchloride  of  copper,  the  latter  being  afterwards  c«  uto  vapor. 

^  hen  dissolved  in  water,  it  gives  a  solution  which  is  given  \vh« 
centrated,  and   becomes   blue  on  dilution.     The   h; 
copper  is  readily  prepared  by  di»ol\  ing  the  black  not  hydro- 

chloric acid,  and  allowing  the  solution  to  crystalli/c :   it   forms  green 
like  crystals  (CuClr2H,0).     A  solution  of  <  hlorid,-  «»i  copper  in 
i   burns  with  a  splendid  green  flame,  and  the  chloride  imparts  a 
similar  color  to  a  gas  flame. 

(Cud  .:;<'n<UH  n    i.   found   ;  ma,  in 

ttic  cr}*stais,  and  is  call'  Tin-  paint  /; 

has  the  same  composition,  and  is  made  by  moistening  copper  with  solu- 
tion of  hydrochloric  acid  or  of  sal  ammoniac,  and  exposing  it  to  the 
air  in  order  that  it  may  absorb  oxygen — 

Cu4  -f  2HC1  +  3H,0  -}-  04  ==  CuCl^SCuO^HjO. 

nitwit  k  green  of  the  shops  frequently  consists  of  a  mixture  of 
Prussian  Mnc,  eliminate  of  lead,  and  sulphate  of  l>ai  \ 

Siiln-hloridr  o!'c"j  C|  ,  js,  f,,nin-.l  u  hen  fiin.' 

copj>er  turnings  are  shaken  with  stroi,  d  in  a  little  of 

-lh'1  -h  0  =  Cu,Cl,  •+•  H,0).    The  labohloride  dltftol 
the  excess  of  hydrochl«  :    iiuing  a  brown  solution,  ir-m  \\hi.-h 

ipitates  the  white  snhchloride  of  ropper.  for  i  ..ftho 

•  loiides  insoluble  in  \\atcr.      When  exposed  to  lijjht,  it  a»unu-s  n 
pnr|)lish-«:i  It  may  be  obtaine.l  in  larger  tpiant  it  \   l.v  di>Nolvin«j 

k  oxide  of  copper  in  hydrochloric  acid,  and  U.ilin 
••ippi-rtn:  ie  brown  solution  being 

If  the  solution  IH-  moderately  diluted  an-: 
it  di-p'-it-s  tet  rahedral  crystals  of  the  sul. chloride.     . \uiinoni.. 

'ie  suhchloride  to  a  colorless  liquid,  whici. 

Line  l.y  contact  with  air.  al»sorl. ing  oxygen.     The  aniin-  -lutiou 

of  SU»M  hloiide  of  copper  is  employed  as  a  test  i-j-J». 

which  gives  a  r-  :i    it.      The    solution  in:. 

olorless  state  1-y  keeping  it  in  a  well-stoppered  bottle,  .piitc  full. 
-  of  clean  copper.     Wh-  .  in  a  finely  di\id- 

•  \\ith  Holntion  of  hydrochl-  ,;iii..ni:i.  tlic  solution  d, 

oolorleM  crystal* of  the  §*H  <  n    .    if  the  solution  of  ii, 

be  exposed   to  the    ;  .  ha\in^  the  formula 

:l  .11  <  >.  and    on  furl!.,  compound 

of  this  la-1  !,-,!.      Th. 

tion  of  subch:  per  in  hydrochloric  aci.l  is  employed  f..r 
absorbing  carbonic  of  gaseous  mi  •_'- » 
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When  this  solution  is  exposed  to  air  it  absorbs  oxygen,  and  deposits  the 
oxychloride  of  copper.  A  strong  solution  of  hydrochlorate  of  ammonia 
or  of  chloride  of  potassium  readily  dissolves  the  cuprous  chloride,  even 
in  the  cold,  forming  soluble  double  chlorides.  The  solution  in  chloride 
of  potassium  does  not  absorb  oxygen  quite  so  easily  as  that  in  hydro- 
chlorate  of  ammonia. 

245.  Sulphides  of  Copper. — Copper  has  a  very  marked  attraction  for 
sulphur,  even  at  the  ordinary  temperature.  A  bright  surface  of  copper 
soon  becomes  tarnished  by  contact  with  sulphur,  and  hydrosulphuric 
acid  blackens  the  metal.  Finely  divided  copper  and  sulphur  combine 
slowly  at  the  ordinary  temperature,  and  when  heated  together,  the}r 
combine  with  combustion.  A  thick  copper  wire  burns  easily  in  vapor  of 
sulphur  (p.  226).  Copper  is  even  partly  converted  into  sulphide  when 
boiled  with  sulphuric  acid,  as  in  the  preparation  of  sulphurous  acid  gas. 
This  great  attraction  of  copper  for  sulphur  is  taken  advantage  of  in  the 
process  of  kernel-roasting  for  extracting  the  copper  from  pyrites  con- 
taining as  little  as  1  per  cent,  of  the  metal.  The  pyrites  is  roasted  in 
large  heaps  (p.  223)  for  several  weeks,  when  a  great  part  of  the  iron  is 
converted  into  peroxide,  and  the  copper  remains  combined  with  sulphur, 
forming  a  hard  kernel  in  the  centre  of  the  lumps  of  ore.  This  kernel 
contains  about  5  per  cent,  of  copper,  and  can  be  smelted  with  economy. 
Children  are  employed  to  detach  the  kernel  from  the  shell,  which  con- 
sists of  peroxide  of  iron  and  a  little  sulphate  of  copper,  which  is  washed 
out  with  water. 

The  subsulphide  of  copper  (Cu2S)  has  been  mentioned  among  the  ores 
of  copper,  and  among  the  furnace  products  in  smelting,  when  it  is  some- 
times obtained  in  octahedral  crystals.  It  is  not  attacked  by  hydro- 
chloric acid,  but  nitric  acid  dissolves  it  readily.  Copper  pyrites  is 
believed  to  contain  the  copper  in  the  form  of  subsulphide,  its  true  form- 
ula being  Cu2S.Fe2S3;  for  if  the  copper  be  present  as  sulphide,  CuS,  the 
iron  must  be  present  as  protosulphide,  and  the  mineral  would  have  the 
formula  CuS.FeS.  Now,  FeS  is  easily  attacked  by  dilute  sulphuric  or 
hydrochloric  acid,  which  is  not  the  case  with  copper  pyrites.  Nitric 
acid,  however,  attacks  it  violently. 

Sulphide  of  copper  (CuS)  occurs  in  nature  as  indigo  copper  or  blue 
copper,  and  ma}'  be  obtained  as  a  black  precipitate  by  the  action  of 
hydrosulphuric  acid  upon  solution  of  sulphate  of  copper.  When  this 
precipitate  is  boiled  with  sulphur  and  hydrosulphate  of  ammonia,  it  is 
dissolved  in  small  quantity,  and  the  solution  on  cooling  deposits  fine 
scarlet  needles  containing  a  higher  sulphide  of  copper  combined  with 
hydrosulphate  of  ammonia. 

A  pentasulphide  of  copper  (CuS5)  is  obtained  by  decomposing  sul- 
phate of  copper  with  pentasulphide  of  potassium ;  it  forms  a  black  pre- 
cipitate, distinguished  from  the  other  sulphides  of  copper  by  its  solubility 
in  carbonate  of  potash. 

The  sulphides  of  copper,  when  exposed  to  air  in  the  presence  of  water, 
are  slowly  oxidized  and  converted  into  sulphate  of  copper,  which  is  dis- 
solved by  the  water.  It  appears  to  be  in  this  way  that  the  blue  water  of 
the  copper  mines  is  formed. 

Phosphide  of  copper  (Cu3P2),  obtained  as  a  black  powder  by  boiling 
solution  of  sulphate  of  copper  with  phosphorus,  has  been  already  men- 
tioned as  a  convenient  source  of  phosphuretted  hydrogen.  Another 
phosphide,  obtained  by  passing  vapor  of  phosphorus  over  finely  divided 
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copper  at  a  high  temperature,  is  employed  in  Abel's  con  f,,r 

raajj  trie  fuses,  in  conjunction  with  sul-ulphide  of  md 

ite  of  potash. 

to  unite  with  eopp.-r  J.y  strongly  heating  findv 
th  silicic  add  and  charcoal.     A   bronze-like  mas- 
thu-  I,  containing  about  5  per  cent,  of  siHoofe     It  i- -aid  to  rival 

in. n  iii  ductility  :tii<l  tenacity,  and   fuses  at  about  the  same  temperature 
as  br<> 

LEAD. 

Pb"  =  207  parts  by  weight. 

246.  Lead  owes  its  usefulness  in  tin*  metallic  state  chieth  to  its  soft- 
ness and  fusibility.  Tin-  former  quality  allows  it  t<>  be  easily  rolled 
thin  sheets,  and  to  be  drawn  into  the  form  of  tubes  or  pipe*  ;  it  is 
indeed  the  softest  of  the  metals  in  common  use,  and.  at  the  same  time, 
the  least  tenacious,  so  that  it  can  only  U»  drawn  with  ditliculty  into  thin 
wire,  and  is  then  very  easily  lu  I* he  ease  with  which  it  makes  a 

dark  streak  upon  paper  shows  how  readily  minute  |>:n  he  metal 

may  be  abraded.  it    of  < -la-tit -ity  also  recommends  it  for  some 

special  uses,  as  for  deadening  a  shock  or  preventing  a  rebound. 

In  fusibility  it  surpasses  all  the  other  metaU  commonly  emplo\ 
the  metallic  state,  except  tin,  for  it  melts  at  617°  F.,  and  thi-  eiivum- 
stance,  taken  in  conjunction  with  its  high  specific  jjra\  it y  1  1. 1  ».  par- 
ticularly adnj  the  manufacture  of  shot  and  bullets.  I  -T  one  of 
its  extensive  uses,  however,  as  a  covering  for  roofs,  it  would  be  better 
f  it  were  lighter  and  less  fusible,  for  in  case  of  fire  in  houses  so 
roofed,  the  fall  of  the  molten  lead  frequently  aggravates  the  calamity. 

With  the  exception,  perhaps,  of  the  ores  of  iron,  none  is  more  abun- 

•  in  this  country  than  the  chief  oreof  lead.  i  sulphide  of 
(!'}>>).     This  ore  might  at  the  first  glance  be  mistaken   t«r  the  n 

If,  from  its  high  specific  gravity  and  metallic  lu-tiv.     It    i-  found 

ning  extensive  veins  in    Cumberland.    herl>\  -hire,   and    Cornwall, 
traversing  a  limestone  rock  in  the  two  first  counties,  and  a  clay  >la:. 

last.     Spain  also  furnishes  large  supplies  of  this  important  < 
Qalena  presents  a  beautiful  crystalline  appearance.  l>ein^  often  found 
in  large  isolated  cubes,  which   readily  cleave  or  split    up  in  «1 

illel   to   their   faces.      Hi. -i.de  .sulphide  of  /in.-)  and   copper  p\  ; 
(sulphide  of  copper  and  ii<  juenily  found  in  the  same  \ein  with 

galena,  and  it   i^  usually  associated  with  quart/  (silica   .  -j-ar  (sul- 

phate of  baryta),  or  fluorspar  (lluoi  turn).      ( 'onsideraMe  <{>ian- 

•  •»  of  sulphid-  ,t    in    galena.  an«l    in    IB 

iiens  the  sulphides  of|.i>muth  and  antimony  are  found. 
Tho'-  -ulphi'li-   is    the   most    abundant    natural   combination  of 

lead,  it  is  by  no  means  the  only  form  in  \\hidi  this  metal  is  found.     The 
metal  itself  is  occasionally  met  \\ith.th--  nail  quant  it  \  .  and 

the  e  of  lead  (Pb().C<  •  iBportaiil 

in  '  .nd  in    S|.ain.      The  sulphate  of  lead  '  )  is 

also  found  in  Australia,  and  is  largely  imp--n,-d  into  this  (<>un 

141  1  from  galena  is  effected   b\  taking  ad\an- 

tage  of  the  <  ircumstai  when  a  combination  of  a  metal  \sith  oxy- 
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gen  is  raised  to  a  high  temperature  in  contact  with  a  sulphide  of  the 
same  metal,  the  oxygen  and  sulphur  unite,  and  the  metal  is  liberated. 

The  ore  having  been  separated  by  mechanical  treatment  as  far  as 
possible  from  the  foreign  matters  associated  with  it,  is  mixed  with  a 
small  proportion  of  lime,  and  spread  over  the  hearth  of  a  reverberatory 
furnace  (Fig.  259),  the  sides  of  which  are  considerably  inclined  to- 
wards the  centre,  so  as  to  form  a  hollow  for  the  reception  of  the  molten 
lead. 

During  the  first  stage  of  the  smelting  process,  the  object  is  to  roast 
the  ore  with  free  access  of  air,  exposing  as  large  a  surface  as  possible, 

FIG.  259. 


Furnace  for  smelting  lead  ores. 


on  which  account  the  heat  is  kept  below  that  at  which  galena  fuses;  in- 
deed, during  the  first  two  hours,  no  fuel  is  thrown  into  the  grate,  suffi- 
cient heat  being  radiated  from  the  sides  of  the  furnace,  which  have  be- 
come red  hot  during  the  smelting  of  the  previous  charge  of  ore.  The 
ore  is  stirred  from  time  to  time,  to  expose  fresh  surfaces  to  the  action 
of  the  atmospheric  oxygen. 

The  effect  of  this  roasting  is  to  convert  a  portion  of  the  sulphide  of 
lead  (PbS)  into  sulphate  of  lead  (PbO.SOj,  whilst  another  portion 
loses  its  sulphur,  which  is  evolved  as  sulphurous  acid  (SO2),  and  ac- 
quires oxygen  in  its  stead,  becoming  converted  into  oxide  of  lead 
(PbO).  A  large  proportion  of  the  galena,  however,  remains  unoxidized. 
When  the  roasting  is  sufficient!}7  advanced,  some  fuel  is  thrown  into  the 
grate,  some  rich  slags  from  previous  smeltings  are  thrown  on  to  the 
hearth,  the  damper  is  slightly  raised,  and  the  doors  of  the  furnace  are 
closed,  so  that  the  charge  may  be  heated  to  the  temperature  at  which 
the  oxide  and  sulphate  of  lead  act  upon  the  unaltered  sulphide,  furnish- 
ing metallic  lead,  whilst  the  sulphur  is  expelled  in  the  form  of  sulphu- 
rous acid  : 

PbS  +  2PbO  =  Pb3  +  S02,  and  PbO.SO3  +  PbS  =  Pb2  +  2S02. 

During  this  part  of  the  operation,  the  contents  of  the  hearth  are  con- 
stantly raked  up  towards  the  fire-bridge,  so  as  to  facilitate  the  separa- 
tion of  the  lead,  and  to  cause  it  to  run  down  into  the  hollow  provided 
for  its  reception.  It  is  also  found  that  the  separation  of  the  lead  from 
the  slags  is  much  assisted  by  occasionally  throwing  open  the  doors  to 
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chill  the   fiirna. 

fluid  condition,  the  lead  h:i  militated  at  t! 

depressed  i  of  tin-  hearth  with  tin-  »!aur  'his  slag  con- 

-ilicates  of  lime  and  oxide  of  lead,  ami  would   ha\  •• 
ned  a  larger  proportion  of  the  latter,  it"  tin-  lime  had   MM 
added  a-*  a  ilux  at  the  commencement  of  the  operation.     In 

v  of  lead  in  the  slag,  a  few  more  >h..\« -ll'i.U 

of  lime  are  now  thrown  into  the  In-art  h,  together  with  a  little  small 
the   l»i  tO  the  metallic   state  the  oxide  of  lea<l    di>- 

!  l»y  the  lime  !  ->mliiiiatinii  with  1 1 

of  lime  is  far  less   fusible  than  silicate  of  oxide  of 

•he     etlect    of    t|,j-,     addition    nf    lime    is   to    *faj    up"   the     slagS    tO    a 

semi-solid  inn  — .  and  it  \\ill  now  be  seen  that  if  the  wln.lt-  of  the  lime 
had  been  a«hi.  ,1  at  the  commencement  of  the  smelting,  the  diminished 
fn-ii'ilit\  ot  the  slag  would  have  opposed  an  obstacle  to  the  separation 

of  the   metallic   lead. 

Purin.ir   the   last    hour  or  so.  t  mtiire    is  very  considerably 

raised,  and  at  tin  expiration  <•!'  aU>ut  six  hours,  when  the  ^vater  p,,r- 
tion  of  the  lead  is  thought  to  have  separated.  th«-  iaked  out 

through  one  of  the  doors  Of  the  furnace,  and  the  melted  metal  allowed 
to  run  out  through  a  tap-hole  in  front  of  the  lowest  port  ion  of  the 
hearth,  into  an  iron  basin,  from  which  it  is  ladled  into  pi^-mould-. 

The  rich  slags,  together  with  the  layer  of  >ul. sulphide  of  1. 
which  forms  over  the  surface  of  the  metal,  are  worked  up  a^ 
fresh  charge  of 

In  the  smelting  of  galena,  a  nsiderable  quantity  of  lead  is  car- 

ried off  in  the  form  of  vapor;  and  in  order  to  condense  this,  the  gases 
from  the  furnace  are  made  to  pass  through  flues,  the  aggregate  length 
of  which  is  sometimes  three  or  four  miles,  before  being  allowed  to 

escape  up  the  chimney.  When  th.-e 
flues  are  swept,  many  tons  of  lend  are 

!   in  the  forms  of  oxid. 
sulphide. 

In  the  north  of  England,  the  smelt- 
ing of  lead  ores  is  now  gene  i  all 
ducU'd    in  an  0COftl 

.  or  small  blast-furnace,  in-t. 
in  the  reverlteratory  fin  nl.ed 

above.  Air  is  supplied  to  the  furnace 
through  three  blaM-pipes  (  A  ).  and  tin- 
lead  ore  and  fuel  l>ein^  charged  in  ut 

.«•  lead  runs   into  a  ca\ 
tin-   bottom  of  the  furnace,  wiiiUt    the 
slag  flows  over  into  u 
Outside    the    furnace.      The    char-' 

_^.  -.prinUle.l  \\ith  water  through  the  rose 

8  1  he  opening    into 
the    chimney  -  I1'),    to    prevent    i; 
^^fjf^e^UjgjgMfj^^        '"•'"-'    l'l"\\n    away  1>\    the    current    of 

MCU- 

larl\  -inixli  ores, 

are  known  as  A'  '  heir  hanlne--  idly  due  to  the  |.re»ence 

Of  antimo!  materially  with  KM 
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the  uses  of  the  metal,  such  lead  is  generally  subjected  to  an  improving 
or  calcining  process,  in  which  the  impurities  are  oxidized  and  removed, 
together  with  a  portion  of  the  lead,  in  the  dross.1     To  effect  this,  six  or 
eight  tons  of  the  hard  lead  are  fused  in  an  iron  pot  (P,  Fig.  261),  and 
transferred    to  a   shal- 
low cast-iron  pan   (C)  FIG. 201. 
measuring    about    ten 
feet    by   five.     In    this 
pan,  which  is  set  in  the 
hearth  of  a  reverbera- 
tory    furnace,    and    is 
about  eight  inches  deep 
nearest  the  grate,  and 
nine  inches  at  the  other 
end,  the    lead    is  kept 
in  fusion  by  the  flame 
which  traverses  it  from 
the  grate  G  to  the  flue 
F,  for  a  period  varying 
with  the  degree  of  im- 
purity, some  specimens 
being  found  sufficiently 
soft  after  a  single  day's 
calcination,  whilst  oth- 
ers must  be  kept  in  a  state  of  fusion  for  three  or  four  weeks.     The  work- 
man judges  of  the  progress  of  the  operation  by  a  peculiar  flaky  crystal- 
line appearance  assumed  by  a  small  sample  on  cooling.     When  suffici- 
ently purified,  the  metal  is  run  off  and  cast  into  pigs. 

At  first  sight,  it  is  not  intelligible  how  antimony  should  be  removed 
from  lead  by  calcination,  since  lead  is  the  more  easily  oxidized  metal. 
The  result  must  be  ascribed  to  the  tendency  of  antimony  to  form  anti- 
monic  acid  (Sb.2O5)  which  combines  with  the  oxide  of  lead.  The  dross 
(antimoniate  of  lead)  formed  in  this  process,  when  reduced  to  the  me- 
tallic state,  yields  an  alloy  of  lead  with  30  or  40  per  cent,  of  antimony, 
which  is  much  used  for  casting  type  furniture  for  printers. 

249.  Extraction  of  Silver  from  Lead. — The  lead  extracted  from  ga- 
lena often  contains  a  sufficient  quantity  of  silver  to  allow  of  its  being 
profitably  extracted.  Previously  to  the  year  1829,  this  was  practicable 
only  when  the  lead  contained  more  than  1 1  oz.  of  silver  per  ton,  for  the 
only  process  then  known  for  effecting  the  separation  of  the  two  metals 
was  that  of  cupellation,  which  necessitates  the  conversion  of  the  whole 
of  the  lead  into  oxide,  which  has  then  to  be  separated  from  the  silver 
and  again  reduced  to  the  metallic  state,  thus  consuming  so  large  an 


The  following  analyses  illustrate  the  composition  of  hard  lead: 


English. 

Spanish. 

Lead 

9927 

9581 

Antimony          .         ... 

057 

3.66 

0  1 

032 

Iron  . 

0  04 

021 

100.00 

100.00 

*84 


PATTIN80N    8   D18II.V;  PROCESS. 


aim  Mint  of  labor,  that  a  considerable  yield  of  silver  must  be  obi 
to  pay  for  it. 

bC  simple  ami  iiiLr«-nioi. 

:  ••!'  tin-  lead  can  he  at  once 

in  the  metallic  -tatc  with  little  expenditure  of  labor.  tl.u>  lra\inu'  the 
remainder  Millieiently  rirh  in  tin-  more  prccioii-  metal  to  dcfia\  the  OO«t 
of  tin-  far  more  expensive  process  of  cupellation.  so  that  :;  or  4  oz.  of 
silver  per  ton  ran  In-  ext  i  acted  \\ith  |.ro|it.  I'attin>«>n  f<iim<lr<l  hi-  \>r»- 

I-MII  \\ l.-«Tv:iti«.u  that  wlnMi  h-a«l  containing  a  small  |»r«i|,nr!i..ii 

nnl  allowt'il  to  cool,  lu-iii^  constant  1\  a  OOD- 

tlh  <|iiantity  of  tin-  h-ad  separates  in  tin-  form  of  cry>taU  contain- 
ing a  very  minute  proport  ion  of  -ilv»-r.  almo-t    tin-  \\hoK-  of  tlii>   metal 
left  liehiml  in  the  portion  still  remaining  liquid. 
t  or  ten  cast-iron  pots,  set  in  brickwork,  each  capable  of  holding 
about  0  tons  of  lead,  are  placed  in  a  row,  with  a  fire  place  nml> 
each  of  them  (Fig.  262).     Suj'i'«i>e   that  there  are  ten  pots   numbered 


Wm, 


consecutively,  that  on  th-  ««f  the  workman  I-  N    ,  I.an«l 

that  on  hi-  extivim  Al»ont  <'.  tons  of  tin-  lead  containing 

silv.-r   arc    melt«-d  i:  >,  tlM    metal    -kimnn  d,  and  t  he    lire    raked 

•m  beneath  so  that  the  ^radualh  Mteiit* 

being  constantly  agit at e<l  with  a  lonur  i""  A-  tin-  crystal!  of 

•nn.  they  are  well   drained  in    a  jbOQt    1"    inchc- 

.  inches  d<  id tO  pot  No.  t.      When  ftboul 

of  th.-    m.-T.-il  h:i\«-    thus  been    n-ino\ed  in  the   cry-taU.  th.-    portion    -till 
remaining  li.piid,  which  retain-,  t  •'.,  and 
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the  pot  Xo.  5,  which  is  now  empty,  is  charged  with  fresh  argentiferous 
lead  to  be  treated  in  the  same  manner. 

When  pots  Nos.  4  and  (>  have  received,  respectively,  a  sufficient  quan- 
tity of  the  crystals  of  lead  and  of  the  liquid  part  rich  in  silver,  their 
contents  are  subjected  to  a  perfectly  similar  process,  the  crystals  of  lead 
being  always  passed  to  the  left,  and  the  rich  argentiferous  alloy  to  the 
right.  As  the  final  result  of  these  operations,  the  pot  No.  10,  to  the 
extreme  right,  becomes  filled  with  a  rich  alloy  of  lead  and  silver,  some- 
times containing  300  ounces  of  silver  to  the  ton,  whilst  pot  No.  1,  to  the 
extreme  left,  contains  lead  in 

which  there  is  not  more  than  ^  FIG.  203. 

ounce  of  silver  to  the  ton.  This 
lead  is  cast  into  pigs  for  the 
market.  The  ladle  used  in  the 
above  operation  is  kept  hot  by 
a  small  temper  pot  containing 
melted  lead.  A  fulcrum  is  pro- 
vided at  the  edge  of  each  pot, 
for  resting  the  ladle  during  the 
shaking  of  the  crystals  to  drain 
off  the  liquid  metal.  Any  cop- 
per present  in  the  lead  is  also 
left  with  the  silver  in  the  liquid 
portion. 

250.  In  order  to  extract  the 
silver  from  the  rich  alloy,  it  is 
subjected  to  a  process  of  refin- 
ing, or  cupellation,  which  is 
founded  upon  the  oxidation  suf- 
fered by  lead  when  heated  in 
air,  and  upon  the  absence  of 
any  tendency  on  the  part  of 
silver  to  combine  directly  with  cupeiiation  furnace. 

oxygen. 

The  refinery  or  cupelling  furnace  (Fig.  263),  in  which  this  operation 
is  performed,  is  a  reverberatory  furnace,  the  hearth  of  which  consists  of 
a  cupel  (C),  made  by  ramming  moist  powdered  bone-ash  mixed  with  a 
little  wood-ash  into  an  oval  iron  frame  about  4  inches  deep,  and  pro- 
vided with  four  cross-bars  at  the  bottom,  each  about  4  inches  wide. 
When  this  frame  has  been  well  filled  with  bone-ash,  part  of  it  is  scooped 
out,  so  as  to  leave  the  sides  about  two  inches  thick  at  the  top,  and  three 
inches  at  the  bottom,  the  bone-ash  being  left  about  one  inch  thick  above 
the  iron  cross-bars. 

The  cupel,  which  is  about  4  feet  long  by  2^-  feet  wide,  is  fixed  so  that 
the  flame  from  the  grate  (G)  passes  across  it  into  the  chimney  (B\  and 
at  one  end,  the  nozzle  (N)  of  a  blowing  apparatus  directs  a  blast  of  air 
over  the  surface  of  the  contents  of  the  cupel.  The  latter  is  carefully 
dried  by  a  gradually  increasing  heat,  and  is  then  heated  to  redness  ;  the 
alloy  of  lead  and  silver,  having  been  previously  melted  in  an  iron  pot 
(P)  fixed  by  the  side  of  the  furnace,  is  ladled  in  through  a  gutter  until 
the  cupel  is  nearly  filled  with  it;  a  film  of  oxide  soon  makes  its  appear- 
ance upon  the  surface  of  the  lead,  and  is  fused  by  the  high  temperature. 
When  the  blast  is  directed  upon  the  surface,  it  blows  off  this  film  of 

25 
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pen  for  tin-  formation  ,,f  another   film    upon 

i.       A    part   of  ||M-  0 
litharge  ll.  1  is  at   first  absorbed    b\    tin-    |M.P»II-  •>!'  the 

tlief  part  of  it    is  f,,reed    l.y  tin-    Mast  tlinmirli  a  el 
the  purpose  in  tin-  op;  ;  in  that  at  which  tin-  Mast  enter*. 

an-!  i-  :.  &S  it  ISM,  \.  in  an  iron  vessel  placed  beneath  the 


lii  proportion  as  tin-  lead  is  in  tins  manner  removed   fn,m   tin-  cupel, 
fresh  portions  are  supplied  from  tin-  adjoinim.:  melting-pot.  ami  tin-  pro- 
cess is  continiu-d  until  about  ;">  tons  of  the  alloy  have  been  added. 
Tin-  rnprllation  is  not  cmitiniiiMl  until  the  whc.le  of  tin-  h-a-l  lia~ 

.'it  until  only  i>  or  :j  c\vts.  of  that  metal  are   left   in  romMna- 

ith    the   whole   of  the   silver  (say  UMMI   nunecs)  containe<l    in   the 

of  alloy.      The    metal  is  run  through  a   hole  made  in  the    liottoiu 

of  the  en|iel.  \\hidi  is  then  again  stopped  up  so  that  a  fie-h  charge  may 

The  fumes  <»f  oxide  of  lea<l  which  are   freely  evolved  durin-j  this  pro- 
cess are  carried  off  by  a  hood  and  chimney  (It)  situated  <  '«»  the 

Mast  of  air. 

\Vhen  three  or  four  charges  have  been  cupelled,  so  a*  to  yield  from 
3000  to  5000  ounces  of  silver,  alloyed  uith  r,  <,r  x  ,-wts.  of  had.  the  re- 
moval of  the  latter  metal   i-  completed    m  another  cupel,  since  lOBM  of 
i  oil'  \\  ith  the  la>t  port  i.,ns  «.!'  lit  1 

:ndieatiiiLr  the  ivnmval  of  the  last  portion  of  le.-.d  are 

the  surface  of  the  molt.  .  which  has  l.cen  hitherto 

tarni-hcd.  I.eeomes  iride-ccnt  as  tin-  film  of  o\ide  of  lead   thins  ..tl.  and 

respleiidently  bright,  and  when   the  cake  of  ictin. 
allowed    to   cool,    it    throws    up   ti  nrl'ace   a 

which    has 
illy  absorbed  by  the  fused  siher.  and  is  <ji\eii  oil  during 

loll. 

litharge  obtained  from  the  cupelling  furnaces  N  reduced  to  the 
metallic  -t.-ite  by  mixing  it  with  small  coal,  and  heating  it  in  a  furnace 
similar  to  that  employed  in  smelting  galena. 

<  >n  the  imall  »ca  i  fr«iin  tjnlona  hy  mi> 

gr>in«  with  450  gmin»  •  intr<>- 

ducin£   ill" 

b  covered  and  hented  in  M 

A  charcoal  fire  in  the  small  fur  n  :<  147,  will  raffloc        '!!.•• 

•  :,.-  li.jui.l  D 

In  ihi- 

tmil*,  thee&ceft*  :<!uf  soda  serving  to  flux  any 

• 

r,  t>«-  tuition  is  placed  in  a  »mnll  >><» 
••Mtud  in  a  tnutr 

abtorb  ::c4  tin-  iniinito  nlolnilr  •>!'  - 

Small  globule*  of  lead  maj  be  convenimtlj  •  up.  •!!.-.  I  >  !•.•'.  ..-••  th<-  l>l<>w- 

ii^   th«- 
•:ice.  and  expociii 

after  1'ure  load  give*  a  yellow  M  - 

i         i  • 
has  been   already  ii"tic.-d.      It-    1'isihility  adapts    it    for  ca-tin^  t  \  pe  for 
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FIG.  2G4. 


FIG.  265. 


printing,  but  it  would  be  far  too  soft  for  this  purpose ;  accordingly,  type- 
metal  consists  of  an  alloy  of  4  parts  of  lead  with 
1  of  antimony.  A  similar  alloy  is  used  for  the 
bullets  contained  in  shrapnel  shells,  since  bul- 
lets of  soft  lead  would  be  liable  to  be  jammed 
together,  and  would  not  scatter  so  well  on  the 
explosion  of  the  shell.  On  the  other  hand, 
rifle  bullets  are  made  of  very  pure  soft  lead, 
in  order  that  they  may  more  easily  take  the  grooves  of  the  rifle. 

Small  shot  are  made  of  lead  to  which  about  40  Ibs.  of  arsenic  per  ton 
has  been  added.     The  arsenic  dissolves  in  the  lead,  hardening  it  and 
causing  it  to  form   spherical  drops  when  chilled.     The  fluid  metal  is 
poured  through  a  sort  of  colander  fixed  at 
the  top  of  a  lofty  tower  (or  at  the  mouth  of 
a  deserted  coal-shaft);  and  the  minute  drops 
into  which  it  is  thus  divided  are  allowed  to 
fall  into  a  vessel  of  water,  after  having  been 
chilled  by  the  air  in  their  descent.     The\r 
are   afterwards   sorted,   and   polished  in   re- 
volving  barrels    containing   plumbago.       If 
too  little  arsenic  is  employed,  the  shot  are 
elongated   or  pyriform  ;  and  if  the  due  pro- 
portion   has    been    exceeded,  their   form   is 
flattened  or  lenticular. 

Common  solder  is  an  alloy  of  equal 
weights  of  lead  and  tin,  which  is  more  fusi- 
ble than  either  metal  separately.  Other 
alloys  containing  lead  will  be  noticed  in 
their  proper  places. 

Leaden  vessels  are  much  used  in  manu- 
facturing chemistry,  on  account  of  the  re- 
sistance of  this  metal  to  the  action  of  acids. 
Neither  concentrated  sulphuric,  hydrochloric, 
nitric,  or  hydrofluoric  acid,  will  act  upon 
lead  at  the  ordinary  temperature.  The  best 
solvent  for  the  metal  is  nitric  acid  of  sp.  gr. 

1.2,  since  the  nitrate  of  lead,  being  insoluble  in  an  acid  of  greater 
strength,  would  be  deposited  upon  the  metal,  which  it  would  protect 
from  further  action. 

Lead  is  easily  corroded  in  situations  where  it  is  brought  in  contact 
with  air  highly  charged  with  carbonic  acid,  when  it  absorbs  oxygen, 
forming  oxide  of  lead,  which  combines  with  carbonic  acid  and  water  to 
produce  the  basic  carbonate  of  lead  (PbO.CO,,PbO.H20).  The  lead  of 
old  coffins  is  often  found  converted  into  a  white  earthy-looking  brittle 
mass  of  basic  carbonate,  with  a  very  thin  film  of  metallic  lead  in- 
side it. 

When  lead  is  exposed  to  the  joint  action  of  air  and  the  acetic  acid 
contained  in  beer,  wine,  cider,  &c.,  it  becomes  converted  into  acetate  of 
lead  or  sugar  of  lead,  which  is  very  poisonous.  Hence  the  accidents 
arising  from  the  reprehensible  practice  of  sweetening  cider  by  keeping 
it  in  contact  with  lead,  and  from  the  accidental  presence,  in  beer  and 
wine  bottles,  of  shot  which  have  been  employed  in  cleaning  them.  The 
action  of  water  upon  leaden  cisterns  has  been  already  noticed.  Con- 
tact with  air  and  sea-water  soon  converts  lead  into  oxide  and  chloride. 
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IDES  or  LEAD.  —  Four  compounds  of  n  are 

known  : 

0 

•• 

le    "  I'!,  «  ' 

i't.O, 

The  bright  surface  of  lead  soon  tarnishes  when  e\po>ed  t«>  the  air, 

becoming  coated   with  a  dark  film.  \\hi.-h  i-  I.e.  consist  of  sub- 

oxide  <»f   lead.     In  u  very  finely  divided   state,  lead  takes  fire   when 
thrown  into  the  air,  and  is  converted  into  oxide  <>f  lead. 

The  If  nd  pyruphnrH»,  for  exhibiting  the  spontaneous  combust  ion  "f  lead, 
pared  by  placing  some  tartrate  of  lead  in  a  glass  tube  closed  at  one  end  (Fig.  266), 

drawing  the  tube  out  to  a  n» 

Fio.  2M.  end,  and  holding  i-  -ally.  whil-t  \\\<-   tar- 

trato  of  lead  is  heated  with  a  gax  or  spirit  flame  as  long 
a«  any  fumes  are  evolved  ;  the  neck  10  then  fus- 
.  'i  oil'.     The  tartrate  « 
•  '.i,  wh.-n  h«-atfdt  leaves  a  mixture  of  • 
to   rhiircua: 

into  a  compact  mass.     This  mixture  may  be  preserved 
in   th«-  tul't»   t'»r  any   length   «>f    time;    but 
\vh--M  th"  nock  is  broken  oft*  and 
into  tin-  »iir,tln'y  intliitnc  nt  onr.-.  prodiirin^  tliirk 
of  oxi«l 

ing  ammonia  to  solution  of  tartaric  acid  con*t 
red, 


until   thf  pnM-ipitnt*'  of  lutiirtnit«>  • 
first  for  t  redisAolv<  -m-;  the  liquid  with  -  aoeUle 

:  tratf  of  lead  is  collected  upon  a  filter,  washed 
times,  and  dried  at  a  g^ntl- 

is  prepared  G  -«  .iK 

l«-:i«l  in  air.      \Vh«-n  th«-  metal  is  only  inmlcratclv  lu-ali-il.  •  \'<>n\\* 

a    v«-llow   powder,  wjiich  m    in   COIIIIIHT  ',  l-ut    at    a 

triiiprniniiv   tin-  i.  \i-le  melts,  and  0  _:  forms  a   l>r«.  \vni-h 

scaly  mass  which  is  called  / 

ably  because  that  obtained    l»y  tin-   alrhemUN    would   alwav-    furnish   a 
•  •on-iderable  propori  .  \\hii-h  was  prr-fiit  in  iw^\  -am; 

'•(•fore  the    introdi;  -.      The    litharge  of 

commerce  often  has  a  red  color.  «  -au-«  1   liy  th«    ]ur-«n 

•  -r  cent.  otTineiy  divided  metallic  lead  may 
imes  be  fiiiind    in  it.      Wlu-n  heated    to  dull    r. 
«'S   a  dark-li|-o\\n    OOlOT,   and    l.ecomes    yellow    »»n    . 
•  red  heat  it  fuses,  and  readily  attack-  day  erne;  ,iu.j  a 

;cate   of  lead,  and   soon    perl'orat  iiii:  '  M.ilrd 

with  di-tilled    water,  litliaru'f    i-  di—  «.l\ed  in  -mall   .plant  ity.  yieldinir   :i 

11  which  ily  alkaline,  and  l>.  ,rl«iil    \\heu  61 

t<>  the  air,  absorbing  cart  »<>nic  acid,  and  d<  \>--.\>\. 

resence  of  a  small  quantity  ot°  -aline  matter  in  the    \\ater  hinders 
the  solution  ot  nzanic  n 

Two  .1,-lihite  \\  hit.  .   •  ;   '  • 

:i^'  -oliiti<,n^  of   |,  -ad   \\ith  the 
•  •rful  hase,  and  h:i- 

.-ic  -alt-.       M     '         .-itiniis  of  j.ota-h  and  -oda    d  '    read- 

>d  dep<-it  it  in  pink  <  i 
Litharge,  from  its  easy  ComKinat  ion   wit!  at  a  high   t<  m- 
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perature,  is  much  used  in  the  manufacture  of  glass,  and  in  glazing  earth- 
enware. The  assay er  also  employs  it  as  a  flux.  A  mixture  of  litharge 
with  lime  is  sometimes  applied  to  the  hair,  which  it  dyes  of  a  purplish- 
black  color,  due  to  the  formation  of  sulphide  of  lead  from  the  sulphur 
existing  in  hair.  Dhil  mastic,  used  by  builders  in  repairing  stone,  is  a 
mixture  of  1  part  of  massicot  with  10  parts  of  brickdust,  and  enough 
linseed  oil  to  form  a  paste ;  it  sets  into  a  very  hard  mass,  which  is  prob- 
ably due  partly  to  the  formation  of  silicate  of  lead,  and  partly  to  the 
drying  of  the  linseed  oil  by  oxidation  favored  by  the  oxide  of  lead. 

Red  lead  or  minium  is  prepared  by  heating  massicot  in  air  to  about 
600°  F..  when  it  absorbs  oxygen,  and  becomes  converted  into  red  lead. 
The  massicot  for  this  purpose  is  prepared  by  heating  lead  in  a  reverber- 
atory  furnace  to  a  temperature  insufficient  to  fuse  the  oxide  which  is 
formed,  and  rejecting  the  first  portions,  which  contain  iron  and  other 
metals  more  easily  oxidizable  than  lead  (as  cobalt),  as  well  as  the  last, 
which  contain  copper  and  silver,  less  easily  oxidized  than  lead.  The 
intermediate  product  is  ground  to  a  fine  powder  and  suspended  in  water  ; 
the  coarser  particles  are  thus  separated  from  the  finer,  which  are  dried, 
and  heated  on  iron  trays  placed  in  a  reverberatory  furnace,  till  the  req- 
uisite color  has  been  obtained.  Minium  is  largely  used  in  the  manu- 
facture of  glass,  whence  it  is  necessary  that  it  should  be  free  from  the 
oxides  of  iron,  copper,  cobalt,  &c.,  which  would  color  the  glass.  It  is 
also  employed  as  a  common  red  mineral  color,  and  in  the  manufacture 
of  lucifer  matches. 

When  minium  is  treated  with  dilute  nitric  acid,  nitrate  of  lead  (PbO. 
N2O5),  or  Pb(NO3)2,  is  obtained  in  solution,  and  peroxide  of  lead  (Pb02) 
is  left  as  a  brown  powder,  showing  that  minium  is  probably  a  compound 
of  the  oxide  and  peroxide  of  lead.  The  minium  obtained  by  heating 
massicot  in  air  till  no  further  increase  of  weight  is  observed,  has  the 
composition  2PbO.Pb0.2,  or  Pb304,  which  would  appear  to  represent  pure 
minium  ;  commercial  minium,  however,  has  more  frequently  a  composi- 
tion corresponding  to  3PbO.PbO2,  but  when  this  is  treated  with  potash, 
PbO  is  dissolved  out,  and  2PbO.PbO2  remains.  Minium  evolves  oxygen 
at  a  red  heat,  becoming  PbO,  hence  the  necessity  for  keeping  the  tem- 
perature below  600°  F.  during  its  preparation. 

Peroxide,  or  binoxide,  or  puce  oxide  of  lead,  is  found  in  the  mineral 
kingdom  as  heavy  lead  ore,  forming  black,  lustrous,  six-sided  prisms.  It 
may  be  prepared  from  red  lead  by  boiling  it,  in  fine  powder,  with  nitric 
acid,  diluted  with  five  measures  of  water,  washing  and  drying.  The  bin- 
oxide  of  lead  easily  imparts  oxygen  to  other  substances  ;  sulphur,  mixed 
with  it,  may  be  ignited  by  friction,  hence  this  oxide  is  a  common  ingre- 
dient in  lucifer-match  compositions.  Its  oxidizing  propert}'  is  frequently 
turned  to  account  in  the  laboratory,  for  example,  in  absorbing  sulphu- 
rous acid  from  gaseous  mixtures  by  converting  it  into  sulphate  of  lead ; 
Pb02  +  SO2  =  PbO.S03.  Binoxide  of  lead  is  not  dissolved  by  dilute 
acids  and  has  no  basic  properties  ;  indeed,  it  is  sometimes  called  plumbic 
acid,  for  it  combines  with  potash  and  soda  when  fused  with  their  hydrates. 
Plumbate  of  potash  (K2O.Pb02.3H2O)  has  been  crystallized  from  an 
alkaline  solution,  but  is  decomposed  by  pure  water. 

254.  White  lead  or  ceruse  is  a  carbonate  of  oxide  of  lead,  or,  strictly 
speaking,  a  basic  carbonate,  a  combination  of  carbonate  of  oxide  of  lead 
(PbO.CO2)  with  variable  proportions  of  hydrated  oxide  of  lead  (PbO. 
H2O).  This  substance  is  a  constant  product  of  the  corrosive  action  of 
air  and  water  upon  the  metal.  Its  formation  is,  of  course,  very  much 
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encouraj  M?nce  of  organ  i  -  in  a  state  of  decay,  which 

ic  acid. 

White  lead  i*  man  <>n  the  lar^e  -eah-  l.y  two  prOOMMC,  which 

.  upon    the   *:ime  princij  1    a-    M- 

\\  ben  OZide  of  lead  i--  brought  in  contact   with  :  i      11." 

II  0  -uiiar  of  Ica-l.   I'l-M     II  Q  This 

salt  is  capable  of  coniliininir  with  t\\<.  m  I.  form- 

-ic  acetate  of  Jead.  JM,«  '  II  <>  ,  ._'  I'M  ).  and  if  thi- 

1    into  earl.onate, 

•   the  n.-iitral  aoetatt  "I"  lead.   IM.(C  II  O  )  .  i,  left. 
In  tin-  older  of  tin*  tWO  processes,  Com  n.oul y  known  as  tin-  Put.-- 

I.  in  tin-  tin-in  of  square  ^ratin^s   east  from  the    |.i. 

lead,  i-  placed  o\cr  earthen  poii  containing  a  small  quantity  of  common 

c«jar;  a  numU-r  of  the-,.  poi-  l.einur  I  milt  ii|>  into  lie-  •  her  with 

mate  layers  of  dung  or  spent  tan.  the  heaps  are  entire!  i  up 

with  the  same  material.     The  metal  is  thus  exposed  t<>  conditions  most 

ill   oxidation,  vi/..  a  very  warm  and  moist  atmo-pi 
duced  l.y  tin-  fermentation  of  the   oi-aiii<-  matter-   composing  the  h> 

the    pIVtl  a    large  quantity    of    acid    vapor   gent-rated    from 

acetic  Mid  of  the  vinegar.     The  lead  is  then  fore  -...,n   i 

Ic.  a    portion  of  which  unites  with  the   a.-.  .  to    form    the 

trihasic  acetate  of  lead,  which  is  then  decompo>ed  l.y  the  < 

i  from  the  fermenting  duni:  «»r  tan.  \ield 

which  coinhines  with  another  portion  of  the  oxide  of  lead  ami  of  VI 
to  form  the  white  lead.      The  neutral  acetate  of  lead  left  after  the  remo- 
val of  the   oxide  of  lead  from  the  tril.a-ie   acetate,  i-  now  : 
up  an  additional  quantity  of  the  oxide,  and  the  proce.-s  i-  thn-  continued 
until,  in  the   course  of  a  few  weeks,  the  lead  has  U-eoine   e..:ii,-d  \\ith    a 
\civ  thick  eru-t  of  white  lead:   the  hea|»s  are  then  de-tro\ed.  Hi'1   ern-t 
.-•hed.  wa-hed,  to  remove  adheriiiLT  acetate  of  1,  ,nd  to  a  paste 

with  water,  and  dried.      Rolled  lead  i-  not  so  easily  con\ cited  as  oast 

newer  process  is  a  more  direct  appli  the  same  ]»rinciple. 

for  it  consists  in  l>oilm_:  a  with  an  excess  of  litharge  in  < 

t<»  proilnee  the  tril.a-i<  of  lead,  which  is  aftcruard-  deeomp.  . 

)'\  pa  — inur  through  it  a  current  of  e:i  nl.ii-tion 

.  rincntation.  .  "ii  from  the  earth.      The  -oluti- 

'    lead  i-  then  a«_'ain  l«»ile«l  with  litharge,  when  tri? 
acet;  dm -ed.  and  i-  aur:un  |ir.  id.     The 

B  of  lead   always   «  -wn  with    it    a 

OK  of  the    hxdrated    ON  t,l.      Thi-    procc-s  i-,  of 

much    more    rapid  than  the    old  -es  with   the    Lrrindinu'. 

,«-h  is  SO  i>  tO  the  workmen  ;    Imt  the  white  lend    M  |>io,l 

iline.  ha-  'i:in    that 

1  lleh   met  ! 

•  mpo-ition    of  white    lead    is    expressed    l»y  the    formula 
.  though  other  l.a>ie  carl.onate-  of  i.  :teii 

i  u  ith  it. 

Wh,'  j.oisonous,  its  use  1  •- and  otln-r- i- ur«-n- 

.  mptoms  of  h-ad-poi-nnin^.  ari-inur  in  nia: 
:inu  to  wash  the  hand-  before  catinir.the  etfe«-t   of 
minute   do-e-  \   their   coml.ined 

-iilphuric    acid    and   -oluti.uis  of  the 
i  the  alkalies  are    -omctimc-  taken    internally 
1 1  . •:'. -.  '  .  B  sulpha'- 
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All  paints  containing  lead,  and  cards  glazed  with  white  lead,  are 
blackened  even  by  minute  quantities  of  sulphuretted  hydrogen,  from 
the  production  of  black  sulphide  of  lead.  If  the  blackened  surface  re- 
main exposed  to  the  light  and  air,  it  is  bleached  again,  the  sulphide  of 
lead  (PbS)  being  oxidized  and  converted  into  white  sulphate  of  lead 
(PbO.SOJ,  but  this  does  not  take  place  in  the  dark.  A  little  sulphide 
of  lead  or  powdered  charcoal  is  sometimes  mixed  with  commercial  white 
lead  to  give  it  a  bluish  tint. 

The  pure  carbonate  of  lead  is  found  in  white  crystals  associated  with 
galena. 

Sulphate  of  lead  is  found  in  nature  in  prismatic  and  octahedral  crystals 
of  anglesite  or  lead-vitriol.  It  is  nearly  insoluble  in  diluted  acids,  and 
is  one  of  the  chief  forms  in  which  lead  is  precipitated  from  its  solutions 
in  analytical  operations.  The  minerals  lanarkite  and  leadhillite  are 
compounds  of  sulphate  and  carbonate  of  lead.  The  chromates  of  lead 
have  been  already  noticed. 

Phosphate  of  lead  (3PbO.P205)  is  occasionally  associated  with  the 
carbonate  in  the  ores  of  lead. 

255.  Chloride  of  lead  (PbCl.,)  forms  the  mineral  termed  horn-lea<L     It 
is  one  of  the  few  chlorides  which  are  not  readily  soluble  in  water,  and  is 
precipitated  when  hydrochloric  acid  or  a  soluble  chloride  is  added  to  a 
solution  of  lead.     Boiling  water  dissolves  about  -^  of  its  weight  of  chlor- 
ide of  lead,  and  deposits  it  in  beautiful  shining  white  needles  on  cooling. 
It  fuses  easily,  and  is  converted  into  vapor  at  a  high  temperature. 

The  oxychloride  of  lead  (PbCL2.PbO)  is  formed  when  chloride  of  lead 
is  heated  in  air.  It  is  sometimes  employed  as  a  substitute  for  white 
lead  in  painting,  being  prepared  for  this  purpose  by  decomposing  finely 
powdered  galena  with  concentrated  hydrochloric  acid  (PbS  +  2IIC1  = 
PbCl2  -f-  H2S),  washing  the  resulting  chloride  of  lead  with  cold  water, 
dissolving  it  in  hot  water,  and  adding  lime-water,  which  precipitates  the 
oxychloride — 

2PbCl2     +     CaO     =     PbCl2.PbO     +     CaCl2. 

Turner's  yellow  (Paris  yellow,  patent  yellow,  mineral  yellow)  is 
another  oxychloride  of  lead  (PbCl.2.7PbO),  prepared  by  heating  a  mix- 
ture of  litharge  and  sal  ammoniac.  It  has  a  fine  golden  yellow  color,  is 
easily  fused,  and  crystallizes  in  octahedra  on  cooling.  The  mineral 
mendipite  is  an  oxychloride  of  lead  (PbCl2.2PbO)  which  occurs  in  color- 
less prismatic  crystals. 

Iodide  of  lead  (PbI2)  is  obtained  as  a  bright  yellow  precipitate  on 
mixing  solutions  of  nitrate  or  acetate  of  lead  and  iodide  of  potassium. 
If  it  be  allowed  to  settle,  the  liquid  poured  off,  and  the  precipitate  dis- 
solved in  boiling  water  (with  one  or  two  drops  of  hydrochloric  acid),  it 
forms  a  colorless  solution,  depositing  golden  scales  as  it  cools. 

256.  Sulphides  of  Lead. — The  subsulphide  (Pb2S)  has  been  mentioned 
as  produced  in  smelting  galena.     Sulphide  of  lead,  or  galena,  has  been 
described  among  the  ores  of  lead.     It  is  always  obtained  as  a  black  pre- 
cipitate when  hydrosulphuric  acid  or  a  soluble  sulphide  acts  upon  a  solu- 
tion containing  lead,  even  in  minute  proportion. 

A  persulphide  of  lead,  the  composition  of  which  has  not  been  ascer- 
tained, is  formed  as  a  red  precipitate  when  a  solution  of  lead  is  mixed 
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with  a  solution  of  an  alkaline  sulphide  saturated    with  siilph 

solution  of  hydn'siilphate  of  ammonia  which  has  been  kept  till  it  has 

I    enlor). 

I'l.ri  i  is  id.taiued  as  a  l.ri-ht  red  pre- 
cipitate when  hxdi'o-iilp!  .<l'h-d  in  small  quantity  to  a  solu- 
tion of  chloride  of  lead  in  hydrochloric  acid. 

P    -M')  occurs  associated  with  the  sulphide  in  gome 
lead  ores;  it  much  resembles  galena,  and  has  the  same  crystalline  i<>rm. 

267.  THALLIUM  (Tl  =  20*  p..  -The  discovery  of  t 

1861  was  on- 
observation  of  colored    line-  in  the   -pectnim  of  |i  H:, 

was  examining  the  -peetruiii  '.y  hohling  in  the  flume  of  a   Bun.-en    burner 

the  dc|  !    in   the  flues  of  a  sulphuric-  acid  chamber,  in  which 

employed  as   the  ulj  hur  .ine   made  its  u:  n    the 

• 

the  lii;.  -h  which  it 

but  the  line  was  much    brighter  than  that  pn.du  0  in-titnting 

a  searching  analy-  -al  wasobt: 

erties  with  any  hitherto  dc.-cribcd,  and  was  named  thallium,  from  Oa\\6<,> 
in  allusion  to  the  vernal  green  color  of  its  spectrum  line.      It  ha- - 

;il  minera!  .;  the  pyrite.-  obtained  from  Spain  and  Hclgiun. 

to   be   it-    be-t  .  From    the    flue-.i 

ted  by  u  >irnple  process,  but  large  quantitie-  mu-t  I- 

-id. Table  amoi,!  with  hoil:i.  nd   the  solu- 

tion mixed   with  much  -trong  hydrochloric  acid,  which  precipitate*  the  thallium  a* 
chloride  ;  thi-  i-  converteil  into  acid  -ulphate  of  thallium  by  t!  •  phuric. 

in-ill,  and  thi-  -:>lt  having  been  purified    by  r.-cr\ -talli/.ation,  is  decomposed  I  ^ 
which  pre«-i;  .llic  thallium  in  a  >j»ongy  form,  fusible,  into  a  c. 

in  an  atmo-pln-re  <>t  coal  gas 

vrnal  t -h»r  ium  is  very  similar  to  lead;  but  it  tarnishes  mu< 

rapidly  wlu-n  expo-rd  to  air  h  it  make*  on  pa|K»r  soon  b 

vellow  If  a  tarni-hed  piece  of  tl,. 

in- allowed  to  touch  th>  - •  ri-nglv  alkaline  taste  is  pei 

thallium  or //•«//..-.  I     ''  .  -oluble  in  water,  so  that  ti 

ht  when  immer-ed  in  water.      The  ready  .-olubility  ,.; 
ailitim    to  be  classed   am-'iig  tin-  alkali-metals,  a  view   which 

touraged   by  the  circumstance  that   it.-  .-jM-eitlc  heat  proved  it  to  be  m.»ruit..mic  like 
potassium  and  sodium.      I'.ut  thallium  appear-  to  be  more  nearly  related   to  another 

iring  -olubilitv  of  it-  chloride  and  the  in-olubility 

of  its  sulphide.      Thee,  it  may  be  kept  unaltered  :  ,|  may 

d  from  its  suits  by  /  -nove.-.  it  from  tb-  alkuli- 

..le  in   water   i-  only  an  exa^|ferati"ii  of  the 
\ides  of  lead  and  silver,  loth  of  which  dissolve  slightly  ii 
yielding  alkaline  solution-.     Diluted   -ulphuric 

.g  hydrogen.     Thallium  bi  i  beautiful  greet, 

.ilium  ha-  for   the  mti: 

-ulphate  of  thallium,  unlike 

i-  easily  soluble  rhonute  is  rather  spa; 

far  n 

•If,  TIjO,,  is  obtained  by  adding  hypix  hlorite  of  n.da  to  thai: 
A  it  b  exc. •--  ,-  also  a  bti.-i>   oxide,  it-  -tii; 

;ke  th»se  of  lead,  are  fx>i<K>nuus. 

ticul,  and  are  ex- 
pressed by  the  number 
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SILVER. 

Ag'  =  108  parts  by  weight. 

258.  In  silver,  we  meet  with  the  first  metal  hitherto  considered,  which 
is  not  capable  of  undergoing  oxidation  in  the  air,  under  any  circum- 
stances, and  this,  in  conjunction  with  its  beautiful  appearance,  occasions 
its  manifold  ornamental  uses,  which  are  much  favored  also  by  the  great 
malleability  and  ductility  of  this  metal  (in  which  it  ranks  only  second 
to  gold),  for  the  former  property  enables  it  to  be  rolled  out  into  thin 
plates  or  leaves,  so  that  a  small  quantity  of  silver  suffices  to  cover  a 
large  surface,  whilst  its  ductility  permits  the  wire-drawer  to  produce  that 
extremely  thin  silver  wire  which  is  employed  in  the  manufacture  of  silver 
lace. 

Silver,  although  pretty  widely  diffused,  is  found  in  comparatively  small 
quantity,  and  hence  it  bears  a  high  value,  which  adapts  it  for  a  medium 
of  currency. 

As  might  be  expected  from  its  want  of  direct  attraction  for  oxygen, 
silver  is  found  frequently  in  the  metallic  or  native  state,  crystallized  in 
cubes  or  octahedra,  which  are  sometimes  aggregated  together,  as  in  the 
silver  mines  of  Potosi,  into  arborescent  or  dendritic  forms.  Silver  is 
more  frequently  met  with,  however,  in  combination  with  sulphur,  forming 
the  sulphide  of  silver  (Ag.2S),  which  is  generally  associated  with  large 
quantities  of  the  sulphides  of  lead,  antimony,  and  iron.  The  largest 
supplies  of  silver  are  obtained  from  the  Mexican  and  Peruvian  mines, 
but  the  quantity  furnished  by  Saxony  and  Hungary  is  by  no  means 
insignificant. 

The  process  by  which  silver  is  extracted  from  galena  has  been  already 
described  under  the  history  of  lead. 

The  ores  of  copper  (particularly  the  gray  copper  ore)  often  contain  so 
much  silver  as  to  be  worth  working  for  that  metal,  in  which  case  they 
are  smelted  in  the  usual  way,  when  the  copper  obtained  is  found  to  con- 
tain the  whole  of  the  silver  present  in  the  ore.  This  silver  is  separated 
from  the  copper  by  taking  advantage  of  the  facility  with  which  the  former 
metal  is  dissolved  by  melted  lead.  The  process  of  liquation,  as  it  is 
termed,  consists  in  fusing  the  argentiferous  copper  with  about  thrice  its 
weight  of  lead,  and  casting  the  alloy  thus  obtained  into  cakes  or  disks, 
which  are  afterwards  gradually  heated 
upon  a  hearth  (Fig.  267),  so  contrived 
that  the  lead,  which  melts  much  more 
easily  than  the  copper,  may  flow  off  in 
the  liquid  state,  carrying  with  it,  in  the 
form  of  an  alloy,  the  silver  which  was 
associated  with  the  copper,  leaving  this 
last  metal  in  porous  masses,  having 
the  form  of  the  original  disks,  upon 
the  hearth.  The  lead  and  silver  are 
separated  by  the  process  of  cupella- 
tion  (p.  385). 

When  the  extraction  of  the  silver 
is  the  main  object  with  which  a  par- 
ticular ore  is  treated,  the  process  of 
amalgamation  is  adopted,  in  which  the  silver  is  dissolved  out  by  means 


FIG.  267. 


Liquation  hearth. 
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of  in  .cru.  the  silver  is  extra  •  his  method   i, 

rewhich.  -ulpiiidc  together  with  much  iroa  py  i 

•allie  sulphides.    The  ore  is  mixed  with  a  small  proportion 

nd    roasted    ina   rcvcrhcratory  furna  the    siil- 

phi,i  i    into  chloride  of  It  is  then  ground 

powder,  which   is   agitated,  in  r.-voh  ..  with  w:, 

illic  iron,  when  the  latter  appropriates  the  chlorine  and  reduces 
tin-    sil\,r   U>  the    metallic    itate.      A  quantity  of  mercury  is   then    intro- 
.  d   into  the  casks,  and  the  revolution  continued   for  several  hours; 
the  nieivurv  dissolves  the  silver,  copper,  and  lead,  and  is  run  out  of  the 
barrels  into  stout  linen  strainers.  low  the  excess  of  fluid  mercury 

tss  through,  hut  retain  the  soft  solid  amalgam  cont  •  ci. 

In  .-id,  i  BTthe  tihn  amalgam  is  placed  in  ii  .  ar- 

above  the  other  (  Kig.  268),  and  with  an  iron  hell- 

shaped  receiver,  standing  over  \\ 
heaping  burning  fuel  round  the  upper   ; 
of  this  dome,  its  temperature  is   raised  >ulli- 
ciently  to  convert   the  mercury   into  vapor, 
which  condenses  again  in  the  water,  leaving 
the  silver,  together  with  the  copper  and  h 
upon  the   iron   trays.      Finally,  the  silver   is 
refine. I  by  fusing  it  with  an  additional  «pian- 
titv  of  lead  and  subjecting  the  alloy  to  cu- 
peilation    (p.  385),  when  the   ! 
lead  which  is  formed  carries  with  it  the 

.   also     in   the     form     of    oxide,   lea 

silver  in  a  state  of  purity. 

•  •us    met!.  ••    been    «!• 

supersede  the  amalgamation   i 

imple,    the   ores    have    been    roasted    with 
common  salt  to  coir.  -dver  into  chloride,  which  is  di-»-ol\. 

of  the  mass  by  means  of  a  strong  solution  of  common  salt,  from  which 
the  silver  is  afterwards  precipitated  in  the  metallic  state  by  copper. 
Hyposulphite  of  soda  has  also  been  employed  to  dissolve  out  the  chlo- 
ride of  silver,  and  the  solution  precipitated  by  .sulphide  of  sodium,  the 
resulting  sulphide  of  silver  being  roasted  to  remove  the  sulphur  and 

1  allie  silver. 

Although   silver   is  capable  of  resisting  the  oxidi/.in-j  Vt  the 

atmosph.'ir.  it  i.    liable  to   considerable   IOHS  by  wear   and  tear  in 
quence  of  its  softness,  and  is  therefore  always  hardened.  f"i-  useful  pur- 
poses, b\   the   addition  of  a  small  proportion  oi 

i  for  coinage  and  for  most  articles  of  siher  plate  in  this 
count !  ;.s   in  !»"•  .  .  whil-t 

that   us, ..I  in    !  •-ntains  '.nut  of  -ilxer  and   loo  ,,f  cop, 

i  other  pi  1  by  being 

i -ed    in  diluted   sulphuric   acid,  which   di-- 
nut  t!  •  al  film  of  nearly  pure   siUer. 

•  d  in  this 

1  wit  h  a  thin  film  of  sulphide  by  immersion  in  a  solution  »\ 
.phur  wit  I,  p.  ta>h. 

,  working  ^ilver  OOBtltti  of  .',  parts  of  si! 

manufae-  r  one  of  its  alloy-.,  which 

has   IMM-II  united    by  rolling  with  a  thin    pl:>  idh.-sion  of 

g  the  M.  oopper 
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with  a  solution  of  nitrate  of  silver,  when  a  film  of  this  metal  is  deposited 
upon  its  surface,  the  copper  taking  the  place  of  the  silver  in  the  solution. 
'  Electro-plating  consists  in  covering  the  surface  of  baser  metals  with  a 
coating-  of  silver,  by  connecting  them  with  the  negative  (or  zinc)  pole  of 
the  galvanic  battery,  and  immersing  them  in  a  solution  made  by  dis- 
solving cyanide  of  silver  in  cyanide  of  potassium  ;!  the  current  gradually 
decomposes  the  cyanide  of  silver,  and  this  metal  is  of  course  (see  p.  39) 
deposited  upon  the  object  connected  with  the  negative  pole,  whilst  the 
cyanogen  liberated  at  the  positive  (copper  or  platinum)  pole  is  allowed 
to  act  upon  a  silver  plate  with  which  this  pole  is  connected,  so  that  the 
silvering  solution  is  always  maintained  at  the  same  strength,  the  quantity 
of  silver  dissolved  at  this  pole  being  precisely  equal  to  that  deposited  at 
the  opposite  pole. 

Brass  and  copper  are  sometimes  silvered  by  rubbing  them  with  a  mix- 
ture of  10  parts  of  chloride  of  silver  with  1  of  corrosive  sublimate  (chlo- 
ride of  mercury)  and  100  of  bitartrate  of  potash.  The  silver  and  mer- 
cury are  both  reduced  to  the  metallic  state  by  the  baser  metal,  and  an 
amalgam  of  silver  is  formed,  which  readily  coats  the  surface.  The 
acidity  of  the  bitartrate  of  potash  promotes  the  reduction.  The  surface 
to  be  silvered  should  always  be  cleansed  from  oxide  by  momentary  im- 
mersion in  nitric  acid,  and  washed  with  water.  For  dry  silvering,  an 
amalgam  of  silver  and  mercury  is  applied  to  the  clean  surface,  and  the 
mercury  is  afterwards  expelled  by  heat. 

Silvering  upon  glass  is  effected  by  means  of  certain  organic  substances 
which  are  capable  of  precipitating  metallic  silver  from  its  solutions. 
Looking-glasses  have  been  made  by  pouring  upon  the  surface  of  plates 
of  glass  a  solution  containing  tartrate  of  silver  and  tartrate  of  ammonia. 
On  heating  the  glass  plates  to  a  certain  temperature,  the  oxide  of  silver 
contained  in  the  tartrate  parts  with  its  oxygen  to  the  tartaric  acid,  and 
the  metallic  silver  is  deposited  in  a  closely  adhering  film.  Glass  globes 
and  vases  are  silvered  internally  by  a  process  which  is  exactly  similar 
in  principle. 

Pure  silver  is  easily  obtained  from  standard  silver  by  dissolving  it  in 
nitric  acid,  with  the  aid  of  heat,  diluting  the  solution  with  water,  adding 
solution  of  common  salt  as  long  as  it  produces  any  fresh  precipitate  of 
chloride  of  silver,  washing  the  precipitate  by  decantation  as  long  as  the 
washings  give  a  blue  tinge  with  ammonia,  and  fusing  the  dried  precipi- 
tate with  half  its  weight  of  dried  carbonate  of  soda  in  a  brisk  fire,  when 
a  button  of  silver  will  be  found  on  breaking  the  crucible — 

2AgCl     +     ]SXO.CO2    =     Ag2     +     2NaCl     +     O     +     C0.2. 

259.  Properties  of  Silver. — The  brilliant  whiteness  of  silver  distin- 
guishes it  from  all  other  metals.  It  is  lighter  than  lead,  its  specific 
gravity  being  10.53  ;  harder  than  gold,  but  not  so  hard  as  copper  ;  more 
malleable  and  ductile  than  any  other  metal  except  gold,  which  it  sur- 
passes in  tenacity.  It  fuses  at  a  somewhat  lower  temperature  than  gold 
or  copper  (about  1810°  F.),  and  is  the  best  conductor  of  heat  and  elec- 
tricity. It  is  not  oxidized  by  dry  or  moist  air,  either  at  the  ordinary  or 
at  high  temperatures,  but  is  oxidized  by  ozone,  and  tarnished  by  air 
containing  sulphuretted  hydrogen,  from  the  production  of  sulphide  of 
silver,  which  is  easily  removed  by  solution  of  cyanide  of  potassium.  It 
is  unaffected  by  dilute  acids,  with  the  exception  of  nitric;  but  hot  con- 

1  A  solution  of  cyanide  of  potassium  in  10  parts  of  water,  with  50  grains  of  chloride  of  silver  dis- 
solved in  each  pint  of  the  liquid,  will  answer  the  purpose. 
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iit"  sulphate  of  silver. 

•chloric   acid.  it  <li  .  a  slight    extent  in 

mi   of  ehloride  of  silver,  which    i-    precipitated    «>n    adding 
Theh\dra§  lOdadonol  -ilver  to  the  same  . 

as  on  platinum  when  fused  with  it  ;  hence  silver  basins  and  crucibles 
are  much  used  in  the  laboratory. 

Then-  :irv  I  hive  compounds  of  silver  with 

oxygen:  the  suboxide,  A>j*  >  :  tin-  oxide.  Ag,O  ;  and  tin-  peroxide.  pn.h- 
Igfin  \\hich  i-  AH  in  the  pure  State.      The  :,c  has 

•actical  interest.  as  being  the  base  contained  in  the  salts  of 
with  oxygen-acids. 

\g,O)  is  obtained  as  a  brown   precipitate  when  solu- 
•!  ^ilver  is  decomposed  by  potash.      It  is  a  pow 

slightly  soluble  in  water,  to  which   it    imparts  a  weak   alkaline  reaction. 

derate  heat  decomposes  it  into  its  elements.     When  m»ist.  fre-hly 

ie  o|'  >il\-er  i-  eovereil  \\  ith  a  strong  solution  of  ammonia, 

and  allowed  to  -tand  for  some  !  becomes  black,  ami  acquires 

dangerously  explosive  properties.     The  composition  of  t  hi-  /'/////«- 

is  not  accurately  known,  but  it  is  supposed  to  be  a  nitrate  of  sil- 
responding  in  composition  to  ammonia. 

\     <>.\  <)s,  or  AgNO.).  or  /////./-  silver  be- 

ing (liKtinu'nislied  as  fend  by  the  alchemists),  is  pr-M-ured   l,v  di^s,,lvin^ 
filver  in  nitric  acid,  with  the  aid  of  a  gentle  h«  atinur  'he  solu- 

••dryness,  and   heating  the  residue  till  it  fuses,  in  oi<l 
the  excess  of  acid.      I  or  u^e    in    surgery,  the   fused  nitrate  i-   pound 
into  cylindrical  moulds,  so  AS  to  cast  it  into  thin  sticks  :   but  tor  chemi- 
cal  pur|M)ses   it  !\ed    in  water   and    crv-talli/ed.  when    it    forms 

colorless  square  tables.     The  aeti  ......  f  nitiate  of  silver  as  a  caustic  de- 

pends upon  the  facility  with  which  it  parts  with  oxygen,  the  siher  bein^ 
re'iu,  -ed  to  the  metallic  state,  and  the  oxygen  combining  with  ti 
ments  of  the  organic   matter.     T  :uu«-h   promoted   by 

exposure  to  sunlight  or  diffused  daylight.  Pure  nitrate  of  silver  is  n,.t 
changed  by  exposure  to  light,  but  if  organic  matter  be  present,  a  black 
deposit,  containing  finely  di\i<  led  lilver,  li  pr..du<'ed.  Thus,  the  solu- 
tion of  nitrate  of  silver  stains  the  fingers  black  when  expos,  -d  to  li^it, 
but  the  stain  may  be  removed  by  c\anide  of  potassium.  If  solution  of 
nitrate  of  -  M  paper,  and  to  li^ht.  black 

-triins  \\ill 

frequent  count  it  uc  n*  since  the  <  illic  silver 

i  on  expoc 
sometimes  /  b\  applying  a  aolntion  oi  •  -'da  before 

en   the    insoluble  <  of  silver  is    precij 

in  the  fibre,  and  is  more  easily  blackened    than  the   nitrate,  especially  if 
i  hot  iron  is  applied.      .Marking  inks  \\ithotit  pi 

\ces8  of  ammonia,  which  appropriates 
Masteiis  the  blackening  mi  «-\posure  to  li'_r|it  Ol 
iiain    nit  :  ;\er'.      The    in  UM  of  this 

n  photo^iaphy  has  been  noticed 

metal  U  diwolve«l 

i  blue  re»i>l 
I.      Th«-  <li-  !  until  th-    : 
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the  nitrate  of  silver.  To  ascertain  when  all  the  nitrate  of  copper  is  decomposed,  a 
small  sample  is  removed  on  the  end  of  a  glass  rod,  dissolved  in  water,  filtered,  and 
tested  with  ammonia,  which  will  produce  a  blue  color  if  any  nitrate  of  copper  is 
left.  The  residue  is  treated  with  hot  water,  the  solution  filtered  from  the  oxide  of 
copper,  and  evaporated  to  crystallization. 

201.  Chloride  of  silver  (AgCl)  is  an  important  compound,  as  being 
the  form  into  which  silver  is  commonly  converted  in  extracting  it  from 
its  ores,  and  in  separating  it  from  other  metals.  It  separates  as  a  white 
curdy  precipitate,  when  solution  of  hydrochloric  acid  or  a  chloride  is 
mixed  with  a  solution  containing  silver.  The  precipitate  is  brilliantly 
white  at  first,  but  soon  becomes  violet,  and  eventually  black,  if  exposed 
to  daylight,  or  more  rapidly  in  sunlight,  the  chloride  of  silver  being  re- 
duced to  subchloride  (  Au.H),  with  separation  of  chlorine  (see  p.  247). 
The  blackening  takes  place  more  rapidly  in  the  presence  of  an  excess  of 
nitrate  of  silver  or  of  organic  matter,  upon  which  the  liberated  chlorine 
is  capable  of  acting.  The  chloride  of  silver,  formed  \}y  suspending 
silver  leaf  in  a  hottle  of  chlorine  gas,  is  not  blackened  by  light.  If  the 
white  chloride  of  silver  be  dried  in  the  dark,  and  heated  in  a  crucible, 
it  fuses  at  about '500°  F.  to  a  brownish  liquid,  which  solidifies,  on  cool- 
ing, to  a  transparent,  nearly  colorless  mass,  much  resembling  horn  in 
external  characters  (horn  silver)  ;  a  strong  heat  converts  it  into  vapor, 
but  does  not  decompose  it.  If  fused  chloride  of  silver  be  covered  with 
hydrochloric  acid,  and  a  piece  of  zinc  placed  upon  it,  it  will  be  found 
entirely  reduced,  after  a  few  hours,  to  a  cake  of  metallic  silver;  the 
first  portion  of  silver  having  been  reduced  in  contact  with  the  zinc,  and 
the  remainder  by  the  galvanic  action  set  up  by  the  contact  of  the  two 
metals  beneath  the  acid.  Ammonia  readily  dissolves  chloride  of  silver, 
and  the  solution  deposits  colorless  crystals  of  the  chloride  when  evap- 
orated. If  the  ammonia  be  very  strong,  the  solution  deposits  a  crys- 
talline compound  of  chloride  of  silver  with  ammonia.  The  absorption 
of  ammoniacal  gas  by  chloride  of  silver  has  been  noticed  at  p.  15(^,  and 
the  photographic  application  of  the  chloride  at  p.  247. 

Recovery  of  Silver  from  Old  Photographic  Baths. — One  of  the  simplest  methods  of 
effecting  this  consists  in  mixing  the  liquid  with  solution  of  common  salt  as  long  as 
it  causes  a  fresh  precipitate  of  chloride  of  silver,  which  is  allowed  to  subside,  wa>h<-d 
once  or  twice  by  decantation,  mixed  with  a  little  sulphuric  acid,  a  lump  of  zinc 
(spelter)  placed  in  it,  and  left  for  a  day  or  two  to  reduce  the  silver  to  the  metallic 
state.  The  zinc  is  then  taken  out,  and  the  metallic  silver  well  washed  by  decanta- 
tion, first,  with  dilute  sulphuric  acid,  to  remove  zinc,  and  afterwards  with  water,  till 
the  washings  are  quite  tasteless.  It  may  either  be  reconverted  into  nitrate  by  dis- 
solving in  nitric  acid  (p.  396),  or  fused  in  an  earthen  crucible  with  a  little  borax. 

From  the  fixing  solutions'  containing  hyposulphite  of  soda,  the  silver  cannot  be 
precipitated  by  salt,  because  the  chloride  of  silver  is  soluble  in  the  hyposulphite. 
A  piece  of  sheet  copper  left  in  this  for  a  day  or  two  will  precipitate  the  silver  at' 
once  in  the  metallic  state. 

Subchloride  of  silver  (Ag2Cl)  has  been  obtained  by  the  action  of  per- 
chloride  of  iron  upon  metallic  silver  (Ag4  +  Fe2Cl6=  2Ag2Cl  -f-  2FeCl2). 
It  is  black  and  insoluble  in  nitric  acid.  Ammonia  decomposes  it,  dis- 
solving out  chloride  of  silver,  and  leaving  metallic  silver. 

Bromide  of  silver  (AgBr)  is  a  rare  Chilian  mineral.  Associated  with 
chloride  of  silver,  it  forms  the  mineral  embolite.  It  much  resembles  the 
chloride,  but  is  somewhat  less  easily  dissolved  by  ammonia. 

Iodide  of  silver  (Agl)  is  also  found  in  the  mineral  kingdom.  It  is 
worthy  of  remark  that  silver  decomposes  hydriodic  acid  much  more 
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easily    than    '  mi:    iodide   of  silver,  and    evolving 

h\d:..<_:cii.     The  iodide  of  silver  dissohe-  m  h..t   h\di 

.sited  in  .  ii  « lin-j.     i-\  idding  nitrate  of  tttrer  1 

tOtaasidiB,  the  iodi  tained  as  ayt-llou    precipitate, 

which,  unlike    tlu-   chloride,  does  not  di-sohe  iii   ami!  i 

a  boiling  s:itnr:ited  solution  of  nitrate  of  sil\er,  an. I 

tin-  BOlnt  •.oljujr,  deposits  crystals  having  tin-  composition  A-jI. 

><  >  .  u  hi.-h  arc  far  more  sennit  i\  --ti-.n  «>f  li-ht  than   iodide 

of  siher  it-elf,  a  .\hicli  i-  taken  a<h  anta<_rc  of  !>y  photog- 

••..n.|,nsiMl  l.y  water,  with  .separation  of 
io.li.lr  nf  >il\ 

,s' »//;»/*///»•  r»/'s//ivr  (A.u.S    is  fouii-1  M  .  "hi.-h   D 

gardnl  a>    the  chief  ..re  of  >il\er;    it   h:t^  a    uietallie  lu-tiv.  ami    i-  8< 
times  r..iiml  in   eul.ieal  or  octahedral  cr\  1  be  minerals   known  as 

ores  contain  sulphide  of  silver  »oml.ine.l  with  tin- 

sulphides  of  arsenie  an<l  antimony.  The  l.hu-k  precipitate  ol.tained  l.y 
the  a<-ti<>n  «>f  h\  drosiilpluiric  acid  upon  a  solution  of  silver  is  the  sul- 
phide of  silver.'  It  may  also  be  formed  l.y  heating  silver  \sith  sulphur 
in  a  covered  crucil.le.  '>ul|.hide  of  lUw  ll  remarkaMc  for  b 

malleal.le,  s..    that   im-dals    may  even    be  struck  from    it.      It    i>  not 

-  -Ived    l.y    diluted    sulphuric    «.r    hydrochloric    acid.   Imt   nitric   acid 

M      i Mic  silver  dissolves  sulphide  of  rhen 

fused'with  it,  and  becomes  brittle  even  when  Containing  Onlj  1  percent. 
of  the  Hiilphi 

MI:UCI  i;v. 

=  200  part*  by  weight ' 

262.   Mercur\  he  only  metal    which    is    liquid    at    the 

ordinary  temperature,  and  -inc.-  it  ri'«|uin-s  a  tempei'at  nre  of  :;'.i  l.el-.w 
zero  idifv  it.  this  metal  is  paiticulaily  adapted  I'-.i  bfUC- 

tion  of  therm. .meteis  :m.l  Lan-mctci >.      Its  hi^h  |,,,ilinur-point 
also   recommends   it    f..r   the   f.-rmer  purpose,  as   does   its   hi-h    >p. 
gravity    (13.54)    for   the    latter,  H   column   of  al.out   :;n  inche-    in    height 
ug  able  to  a  column  of  atmospheric  air  having  the  »;i\m> 

MOtfonal  area,  and  a  hei-ht  e.pial  to   that  of  the   atmosphere  al.ove  the 

I  of  the    sea.      The    syml.ol    for  mercur\  from    the 

II  name  for  t :  .  referring  to  its 

tluidi' 

t   met    with  in  this    countrv.  l.ut  is   olitaine.l  fr«»m    I'lria 
ii).    rhina,   and    \  '      i;fornia). 

I1   •          is  in  these  mine-  partly  in  the  metal!  ,  minute 

globules,  or  •  nt  chielly  in   the   ll 

\\  iiich  is  a  sulphide  of  m.i 

The  mi-tal  i-  •  fi-Min  the  sulphide  at    Idria  l.y  masting  '; 

in  a  kiln  (  l-'i-j.  •-''•.'.•;.  whn-h  i-  coi.ne.-ied  with  an  •  OOH- 

dem  iill    of  brickwork.      The   sulphur    i-   co|,\eit,d.   by 

n  the  kiln,  into   sulphurous  :i.  id  L'as,  whilst    the  mercury  pa--e- 
oil'  in  vapor  and  c<>nden-es  in  t : 

.  upon  the  !ici[»le,  but 

the  eoml.  U-  Ml    eailln  fl    (called 

1  The  v.porof  m.  100  Ume*  M  hrarj  a*  hjdrogen  -•  M  the 

al,,mir  w,-ljr».!      :   ..,    -    ,r>    i    .t  UH-  M-^'ft''  »•••»*  «f  m.-rcury  *h-  ..   m        |  !i.«d  br  lou  wouid  glrr  an 
ui  Mil   I.  .,:  :..  . 
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ahtdels}  opening  into  each  other,  and  delivering  the  mercury  into  a 
gutter  which  conveys  it  to  the  receptacles. 


FIG.  269. 


Extraction  of  mercury  at  Idria. 

The  cinnabar  is  placed  upon  the  arch  (A,  Fig.  270)  of  brickwork,  in 
which  there  are  several  openings  for  the  passage  of  the  flame  of  the 
wood  fire  kindled  at  B  ;  this 

flame    ignites    the    sulphide    of  FIG.  270. 

mercury,  which  burns  in  the  air 
passing  up  from  below,  forming 
sulphurous  acid  gas  and  vapor 
of  mercury  (HgS  +  02  =  Hg 
+  SO.,),  which  escape  through 
the  flue  (P)  into  the  aludels  (C), 
where  the  chief  part  of  the  mer- 
cury  condenses,  and  runs  down 
into  the  gutter  (G).  The  sul- 
phurous acid  gas  escapes  through 

the  flue  (H),  and  any  mercury  which  may  have  escaped  condensation  is 
collected  in  the  trough  (D),  the  gas  finally  passing  out  through  the 
chimney  (E),  which  provides  for  the  requisite  draught. 

In  the  Palatinate,  the  cinnabar  is  distilled  in  cast-iron  retorts  with 
lime,  when  the  sulphur  is  left  in  the  residue  as  sulphide  of  calcium,  and 
sulphate  of  lime,  whilst  the  mercury  distils  over  — 


4HgS 


4CaO     =     3CaS 


CaO.S0 


Hg4. 


The  mercury  found  in  commerce  is  never  perfectly  pure,  as  may  be  shown  by 
scattering  a  little  upon  a  clean  glass  plate,  when  it  tails  or  leaves  a  track  upon  the 
glass,  which  is  not  the  case  with  pure  mercury.  Its  chief  impurity  is  lead,  which 
may  be  removed  by  exposing  it  in  a  thin  layer  to  the  action  of  nitric  acid  diluted 
with  two  measures  of  water,  which  should  cover  its  surface,  and  be  allowed  to  re- 
main in  contact  with  it  for  a  day  or  two,  with  occasional  stirring.  The  lead  is  far 
more  easily  oxidized  and  dissolved  than  the  mercury,  though  a  little  of  this  also 
passes  into  solution.  The  mercury  is  afterwards  well  washed  with  water  and  dried, 
first  with  blotting-paper,  and  then  by  a  gentle  heat.  Mercury  is  easily  freed  from 
mechanical  impurities  by  filtering  it  through  a  cone  of  paper,  round  the  apex  of 
which  a  few  pinholes  have  been  made. 

263.  Although  mercury  in  its  ordinary  condition  is  not  oxidized  by  air 
at  the  ordinary  temperature,  it  appears  to  undergo  a  partial  oxidation 
when  reduced  to  a  fine  state  of  division,  as  in  those  medicinal  prepara- 
tions of  the  metal  which  are  made  by  triturating  it  with  various  sub- 
stances which  have  no  chemical  action  upon  it,  until  globules  of  the  metal 
are  no  longer  visible.  Blue  pill  and  gray  powder,  or  hydrargyrum  cum 
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.*  of  this,  and  probably  owe  much  of  their  medicinal 
activity  to  the  presence  of  one  of  the  oxides  of  mercn 

264.   Uses  of  Mercury  — One  of  the  chief  uses  to  which  mercury  is  <1« 

-.  \\  liidi  is  eil'ccted  b\  means  of  an 

amalgam  of  tin  in  the  following  manner:  a  sheet  of  tin  foil  of  flu-  same 
size  as  the  glass  to  lie  silvered  i-.  laid  p«-r 

.th  metallic  mercury,  :i  thin  h\er  of  which  is 

I    ui><»n  it.      The  «jl:iss  i-  •!  on  to  the  table,  s<,  that 

its  edge  may  carry  before  it   pait  of  the  superfluous  mercury  with  the 
imp  urn  h  -s  upon  its  surface;  !  laid  upon  the  ;Ja- 

to  squeeze  out  the  excess  of  mercury,  ami  in  a  : 

of  till  and    mercury  is    found    to   have  adhered    tinii!  ,dass  ;   this 

coating  usually  contains  about  1  part  oi  mercury  and  4  parts  of  tin.      In 

!  other  arts  in  which  mercury  is  used  (such  as  ban>meter-m:ik- 

ing)  much  sutlcrin-  is  experienced  by  the  operatives,  from  the  poisonous 

i  of  tlu'  mercury. 

I   with   which  mercury  unites  with  most  ot In- 
form am///;.  t'  its  most  strikin-  properties,  and   is  turned  to 
account  tor  the  extraction  of  silver  and  -old  from  their  ores.      The  attrac- 
f  the  latter  metal   for  mercury  is  seen  in  the  readiness  with  which 

-•d  \\  it  h  a  silvery  layer  of  mercury,  whene\  cr  it  is  !•; 
\\ith  that   metal,  and  if  a  piece  of  gold  leaf  lie  *iisp. 

little.i  the  BUrface  Of  merCQiy,  U  will  lie  found,  after  a  time. 

d  l'\  t  he  \  aj.or  of  the  metal  which  H-M-S  nluwly  i-vi-n  at  the  ordinary 
temperature.  Kn.ni  the  surface  of  rin-s  which  have  I.een  ac'-identally 
whitened  l.y  im-rrury.  it  i  a  m<> derate  heat,  or  1>\  \\aiiu 

dilute  nitric  acid,  but  the  jjold  will  aft-  «•  luirnishin::. 

Xinc  plates  a;>  .  U    it    is   termed.  f«.r  n-»-  in  the  ^ahanie 

.  .  by  rnbl'ini:  the  liquid  metal  over  them  under  the  surface  «»t  dilute 

sulphuric  acid,  which  ivmo\e^  the  coating  of  oxide  from  the  sun 

the  /inc.      The  amalgam  of  xinc  18  not  I  l>y  the  diluted  sulphuric 

acid   used  in   (In-  nplelcd.  so  that 

no  /inc  is  wasted  when  the  battery  i-  m-t  in  u-e.      A  11  amalgam  «>f  »',  parts 
icury  with  1  part  of  zinc  and  1  of  tin  i^  also  used  to  promote  the 

•il  machines. 

The  addition  of  a  little  amalgam  of  sodium  to  metallic  mercury 
it  the  p..\\er  of  adher  in-  mm  h  m-rc  readily  t«>  other  nictaU.  e\en  V 

in  addition  has  I.een  n mmended  in  all  cases  where  metallic  MIT- 

faces  I  1.  and  especially  in  tin- 

Id  from  their  om  by  means  of  mercury. 

and    platinum  are  the  only  metals  in  onlinai".  >'h  can  be 

emplo\ed    in  contact    with  mercury  without  bein^  corroded  1>\    it.       MIT- 
.  adheres  to  j.latinum. 

11  ry  with  •  n  «•!  - 

UMH  "f  in-  : 
Iraulio  pre«sure. 


of  I.-H<|, 


<      II.: 
itinutn,     !'• 


The  immlirie 
A  very  boHutifu 

• 
.     i 

. 
or  8  iiu-ln-  in  N-ngth  will  be  dep«»- 
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265.  Oxides  of  Mercury. — Two  oxides  of  mercury  are  known,  the  sub- 
oxide  Hg20,  and  the  oxide  HgO  ;  both  combine  with  acids  to  form  salts. 

Suboxide  of  mercury,  black  oxide  or  mercurous  oxide  (Hg20),  is  ob- 
tained by  decomposing  calomel  with  solution  of  potash,  and  washing 
with  water  (2HgCl  +  K.,0  =  Hg,0  +  2KC1).  It  is  very  easily  decom- 
posed by  exposure  to  light  or  to  a  gentle  heat,  into  oxide  of  mercury 
and  metallic  mercury. 

Red  oxide  of  mercury  or  mercuric  oxide  (HgO),  is  formed  upon  the 
surface  of  mercury,  when  heated  for  some  time  to  its  boiling-point  in 
contact  with  air.  The  oxide  is  black  while  hot,  but  becomes  red  on 
cooling.  It  is  used,  under  the  name  of  red  precipitate,  in  ointments, 
and  is  prepared  for  this  purpose  by  dissolving  mercury  in  nitric  acid, 
evaporating  the  solution  to  dryness,  and  gently  calcining  the  nitrate  of 
mercury  (HgO.N2O5)  until  the  nitric  acid  is  expelled.  The  name  nitric 
oxide  of  mercury  refers  to  this  process.  It  is  thus  obtained,  after  cool- 
ing, as  a  brilliant  red  crystalline  powder,  which  becomes  nearly  black 
when  heated,  and  is  resolved  into  its  elements  at  a  red  heat.  It  dis- 
solves slightly  in  water,  and  the  solution  has  a  very  feeble  alkaline  re- 
action. A  bright  }'ellow  modification  of  the  oxide  is  precipitated  when 
a  solution  of  corrosive  sublimate  is  decomposed  b}T  potash  (HgCl2  + 
K20  =  HgO  -f-  2KC1) ;  the  yellow  variety  is  chemically  more  active 
than  the  red. 

When  oxide  of  mercury  is  acted  on  by  strong  ammonia,  it  becomes  converted 
into  a  yellowish-white  powder  which  possesses  the  properties  of  a  strong  base,  ab- 
sorbing carbonic  acid  eagerly  from  the  air,  and  combining  readily  with  other  acids. 
It  is  easily  decomposed  by  exposure  to  light,  and.  if  rubbed  in  a  mortar  when  dry, 
is  decomposed  with  slight  detonations,  a  property  in  which  it  feebly  resembles  ful- 
minating silver  (p.  396).  The  composition  of  this  substance  is  represented  by  the 
formula  4HgO.2NH3.2H2O,  and  it  is  sometimes  called  ammonia  fed  oxide  of  mercury. 
When  exposed  inrnciw  over  oil  of  vitriol,  it  loses  2H2O,  becoming  4HgO  '2NH3,  but 
if  heated  to  about  2fiO°  F  ,  it  becomes  brown  ;l  it  now  contains  Hg4O3N2H4,  and 
may  be  regarded  as  a  compound  of  oxide  of  mercury  with  two  molecules  of  ammonia 
in  which  two  atoms  of  hydrogen  are  displaced  by  mercury  (N.,H4Hg//,  3HgO),  a 
view  which  would  explain,  in  a  simple  manner,  the  evolution  of  ammonia  when  the 
substance  is  fused  with  hydrate  of  potash — 

N2H4Hg,  3HgO    -f     K2O.H20     =    2NH3    +     4HgO     +     K20. 

This  substance  is  sometimes  called  mercuramine;  it  forms  salts  with  the  acids  ;  the 
sulphate  of  mercuramine  has  the  composition  (N2H4Hg,  3HgO)SO3. 

By  passing  ammonia  gas  over  the  yellow  oxide  of  mercury  as  long  as  it  is  absorbed, 
and  heating  the  compound  to  about  260°  F.  in  a  current  of  ammonia  as  long  as  any 
water  is  evolved,  a  brown  explosive  powder  is  obtained,  which  is  believed  to  be  a 
nitride  of  mercury ,  N2Hg3/x  representing  a  double  molecule  of  ammonia  in  which  the 
hydrogen  has  been  displaced  by  mercury.  It  yields  salts  of  ammonia  when  decom- 
posed by  hydrated  acids. 

266.  The  salts  formed  by  the  oxides  of  mercury  with  the  oxygen-acids  are  not  of 
great  practical  importance.       Protonitrate  of  mercury  or  mercurous  nitrate  is  obtained 
when  mercury  is  dissolved  in  nitric  acid  diluted  with  five  volumes  of  water;  it  may 
be  procured  in  crystals  having  the  composition  Hg2O.N2O5,  2Aq.     The  prismatic 
crystals  which  are  sometimes  sold  as  protonitrate  of  mercury  consist  of  a  basic  nitrate, 
3(Hg2O.N2O5),  Hg2O  II ,O,  prepared  by  acting  with  diluted'  nitric  acid  upon  mercury 
in  excess       When   this  salt  is   powdered  in   a  mortar  with  a  little  common  salt,  it 
becomes  black  from  the  separation  of  suboxide  of  mercury — 

3(Hg2O.N205),  Hg2O.H20  +  GNaCl  =  6  HgCl  -f  3(Na2O  N2O5)  -4-  Hg2O  +  H2O  ; 

1  It  has  been  stated  that  by  heating  it  for  some  time  in  a  current  of  dry  ammonia,  the  whole  of  the 
oxygon  may  be  expelled  as  water,  leaving  the  oxide  of  mercuramiuonium  (NHga")aO,  which  is  very 
explosive,  and  combines  with  water  to  form  a  hydrate  which  produces  salts  with  the  acids. 
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.Ural  nilrut.-  i-  • 

\  r||ii\v   l»:i- 

it  dissolv* 
an  excf»s> 

Mtu  1  wit))  an  <><|iial 

•  '• 


mposes  it,  precipitating  a  y«-ll»w  ba- 

•ite  of  tut*  cury  or  mercurou*  sulphate  (  HgtO.SO.)  is  precipitated 

M  N  wlnti-  rry-talline  fiowder  when  dilute  sulphuric  acid  if  added  to  a  solution  of 

,  ry  . 

obtained  by  heating  2  parts 

n.-r<  ur\    \\itli   .'{   pan*  of  <»il  of  vitriol,  and  rva|.<>rut  new. 

Mere  n  rous  aul|  t  produced,  and  :  l.y  the  excess  of  Mil|.liuri«' 

.  whi.-h    i-  .l.-,-,,ni|,.,.,.,l    l.y   wut.-r  nble 

:i   ifi-.-lulil'  :i>ic  Mllph-f  :  i 

knou  Mi-mi,  sttid  to  have  l>e<*n  so  named  tr<>m  ;;-  r.-.-n,1 

in  it-  UK  dicinal  effects  the  root  of  the  Gmwlvulwt  turpct/, 


riM.muiiKs  OF  MKRCURY  —  Tin-  chl<.ri.l.->  an-  tin-  most  important 
of  tin-  cr.nij.ounds  of  mercury,  tlu-  flil'-ii'lr  I'fiirj  '  ii    i  itln- 

liiHilori'i  mate   (H<:<   .    ,      V*[     r   "f  nu-iTury    I.  IIMIN    in 

chlorine  gas,  O  -ulilimatf  IHMIPJ  proili:. 

/*»  or  />«•' 

:iiuifactnred  bv  lit-atin^  2  parts  l-\ 

.MI  ..t'  ninvurv  \\itli  .'1  parts  <>f  >trniiLr  -ulphurir  aci«I.  and  r\:i 
t,,  dn  ii.--.  t"  "I'tain  HH-n-iirir  sulphatr  (Hff  +  2(1!  <  >.><  >  ,         II  -O.  SO, 
-I-   2H,O   -f   SO,),    which    i-   mix.-.l    with    I1,   part    Of  OODin  ami 

in  glass  vesst-U      II-^.SO,  -f-  2XaCl  =   \  -.  OJ80          IL' 
wh.-ii  sulphate  of  soda  is  h-tt,  ami    the  OOfTOaire    -uhlimat.-  is  coim-rtr.l 

int..  rapor,  oondensing  on  the  cooler  part  ot'tiu-  \vsselin  lustrous  ,-,,i,  ,r- 
less  masses,  which  an-  \n\  bemyj  -ml  have  a  crvstallim- 

fractun-.      It  \  easily  (at  509°  F.)  to  a  perfect  1\  »•«•!.  ,i  Ir-^  li<|iiiil, 

which  hoilsat  M3     PM  emitting  M  fxtiniirly  a(  i  i-l  \  a  p.  .r,  \\  liidi 
tin*  sense  of  siiK-11  for  some  time.      '1'his  vap««r  e-n.-  lies, 

or  honu-t  lines    in    oetahe«i-          '          Mire    >nl«limate    >\ 
tint'  urlit  of  boilinir  water.  l>nt  re.  pi  ire-,  h;  parts  ofeol«l  water,  go 

that  the  hot  .solution  p  posits  long  four-silled  prismatic  nv-taU 

of  the  salt.      It   is  n-mai  KaMe  that  aleoliol   ami   Biter  OlMOtYe  OOirOtfot 
Sublimate  mm  h  morr  ea-ily  than  water,  boiliiiLl  alcohol  «liss<,l\  ini:  aKoiit 
an   e«pial  \\ei:_rht  of  the   chlori'ie.  and   cold    ether  taking  np  one-third  pf 
its  weight.      15  y   shaking  the  aqueous  solution   with   ether,  the  ^n 
part   of  the   corrosive   sublimate  will    be    remo\cd.  and  \\ill    i-rmain 

'v   the  ether,  w  hie  1  1  hot       \Nater   in  which    «.al 

amiiioni:ie    1.  »•• 

easily  1  1  •  .  a  solubh-  double  chloride  './•«,//,  j  b,-im: 

.  \\hieh  may  be  obtained    in    tabular   <  |    t  he  composition 

Nil  <   I.  II  <  ).      A  solnti  ..-   sublimate   in  water  BOB* 

:ixr  sal  am 

little  as  •  j  been  kiio\\n  to  (  Ii  in  the  ca-e  of  a 

child.      The  I  •  d    as   an  ant  id"lc.  be- 

||  known  !is,,lul.le  i-onipoiiml  \uth  con-...i\,-  snl.li- 

:i  inert  in  the  stomach.      The   compound 

rrjdre  »ubllmalc  conulo  2  vob  ipor  (we  note  to  page  3W)  and 
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of  albumen  with  corrosive  sublimate  is  also  much  less  liable  to  putrefac- 
tion than  albumen  itself,  and  hence  corrosive  sublimate  is  sometimes 
employed  for  preserving  anatomical  preparations  and  for  preventing  the 
decay  of  wood  (by  combining  with  the  vegetable  albumen  of  the  sap). 

Chloride  of  mercury  unites  with  many  other  chlorides  to  form  soluble 
double  salts,  and  with  oxide  of  mercury,  forming  several  oxy  chlorides 
of  mercury,  which  have  no  useful  applications. 

White  Precipitate,  employed  for  destroying  vermin,  is  deposited  when 
a  solution  of  corrosive  sublimate  is  poured  into  an  excess  of  solution  of 
ammonia;  HgCl2  +  2NH3  =  NH3.HC1  +  NH2Hg"Cl. 

White  precipitate. 

The  true  constitution  of  white  precipitate  has  been  the  subject  of  much  discussion, 
but  the  changes  which  it  undergoes,  under  various  circumstances,  appear  to  lead  to 
the  conclusion  that  it  represents  hydrochlorate  of  ammonia,  NH3.HC1,  in  which  half 
of  the  hydrogen  has  been  displaced  by  mercury.  When  boiled  with  potash,  it  yields 
ammonia  and  oxide  of  mercury — 

NH2Hg"Cl  +  KHO  ==  NH3  +  HgO  +  KC1. 

If  it  be  boiled  with  water,  it  is  only  partly  decomposed  in  a  similar  manner,  leaving 
a  yellow  powder  having  the  composition  (.NH2HgCl).HgO,  produced  according  to 
the  equation — 

2(NH2HgCl)  +  H20  =  NH3.HC1  +  (NH2HgCl).HgO. 

Yellow  precipitate. 

A  compound  corresponding  to  this  yellow  precipitate,  but  containing  chloride  of 
mercury  in  place  of  the  oxide,  is  precipitated  when  ammonia  is  gradually  added  to 
solution  of  corrosive  sublimate  in  large  excess,  the  result  being  a  compound  of  white 
precipitate  with  a  molecule  of  undecomposed  chloride  of  mercury — 

(NH2HgCl).HgCl2. 

If  white  precipitate  be  heated  to  about  600°  F  ,  it  evolves  ammonia,  and  yields  a 
sublimate  of  ammoniated  chloride  of  mercury,  HgCl2  NH3,  leaving  a  red  crystalline 
powder,  which  is  insoluble  in  water  and  in  diluted  acids,  and  is  unchanged  bv  boiling 
with  potash  ;  it  may  be  represented  as  a  compound  of  bichloride  of  mercury  with 
ammonia,  in  which  the  whole  of  the  hydrogen  has  been  displaced  bv  mercurv, 
!UIg8".2HgCl8. 

When  solution  of  corrosive  sublimate  is  added  to  a  hot  solution  of  sal  ammoniac, 
mixed  with  ammonia,  a  crystalline  deposit  is  obtained  on  cooling  the  liquid,  which 
is  known  as  fusible  white  precipitate,  and  represents  two  molecules  of  hydrochlorate 
of  ammonia,  in  which  one-fourth  of  the  hydrogen  has  been  displaced  by  mercury, 
its  composition  being  N2H6Hg/xCl2.  The  same  compound  is  formed  when  white 
precipitate  is  boiled  with  a  solution  of  sal  ammoniac — 

NH2Hg"Cl  +  NH3.HC1  =  N2H6Hg"Cl2. 

The  above  compounds  possess  a  special  interest  for  the  chemist,  as  they  were 
among  the  first  to  attract  attention  to  the  mobility  of  the  hydrogen  in  ammonia, 
which  has  since  been  so  well  exemplified  in  the  artificial  production  of  organic-  bases 
by  the  action  of  ammonia  Upon  the  iodides  of  the  alcohol  radicals.  The  relation  of 
these  compounds  to  each  other  is  here  exhibited: 

White  precipitate, NH2Hg"Cl. 

Produced  with  corrosive  sublimate  in  excess,       .         .  (NH2HgCl).HgCl., 

"         by  boiling  with  water,  ....  (NH2HgCl).HgO 

"         bv  boiling  with  sal  ammoniac,     .         .         .  N.)H6Hg//012 

by  heating  to  000°, (N2Hg8".2HgCl2) 

268.  Calomel,  Subchloride  or  Protochloride  of  Mercury,  or  Mercurous 
Chloride  (HgCl),1  unlike  corrosive  sublimate,  is  insoluble  in  water,  so 
that  it  is  precipitated  when  hydrochloric  acid  or  a  soluble  chloride  is 
added  to  mercurous  nitrate.  The  simplest  mode  of  manufacturing  it 
consists  in  intimately  mixing  one  molecule  of  corrosive  sublimate  with 

1  2  vols.  of  vapor  of  calomel  contain  2  vols.  of  mercury  vapor  and  1  vol.  of  chlorine.  (See  note  on 
page  402.) 


l"i  VERMILION   OR    MERCURIC    SULPHIDE. 

1  atom  of  metallic  mercury,  a  little  w.v  i.-.l  to  |.n -\. -nt  «ln-t. 

mixture  thoroughly,  and  rabUinli       t;   HgCl,-r-Hg='2II    < 

is  more   commonly  made    !  another  atom  of  mercury  to 

ill    employed    in   t :  MiTC    -uMim-r 

bf  \\eiurh'  --olved,  with  the  aid  of  ln-at . 

rtryiMM; 

50          II'1       !  i;u- of  mercuric  sulphate  U  intimateh  mixed  with 

2  more  parts  of  ;  the  mixture  afterward  ••«!  with  11 
parts  of  common  salt,  until  globule-  an-  no  l.-n-er  \  i-iM*.    Tin-  mixture 

.1    heated,  80  that  the   calomel    may  pa*s   otl'  in  \:ij.or.  \\  hi, 
denses  as  a  translucent    tihron-  cake  on  the  cool  part  of  the  sublinmi"; 

.  leaving  -ulphate  of  soda  behind;  HgO.SO,  -f  H  Nad 

iHgCI  +  Na^O  r  iiHMlicinal  purposo  the  calomel  [fl  .-Mained  in 

-  of  division  1,\   conductino;  the  vapor  into  a  large  cham- 
ber, SO  as  to  precipitate  it  in  a  line    powder  liy  < 
ume  of  cold  air.     Steam  is  sometimes  intio<lme<l  to  pr«»in«ue   i 
•  livi-ioii.      Suhliiued  ralomel  al\\:i  M  ^>im-  <  -iiMimate. 

>o  that  it  mn>t  l>e  thoroughly  washed  with  water  before  l»ein^  employed 
in  medicine.  When  perfectly  pure  calomel  is  sublimed,  n  little  i*  alua\> 
decomposed  during  the  pTOO6M  into  metallic  mercury  and  OOlTodvC 
suhlin 

Calomel  is  met  with  either  as  a  semitransparent  fibrous  mass,  or  an 

amorphous    ponder,   with    a   -lightly    yellow   tinize.      It    i-   hea\  ier  than 

.  and  doe-  nut   fii^e  \n\  ining; 

it  may  t.e  ol.tained  in  timr-<ided    pri-ms   l.y  -low  sublimat  ion.      Piluied 
acids  will  not  di-Mil\-e  it,  but    boilin«r  nitric  acid   gradually  . 
into  mercuric  chloride  and  nitrate,  which  pass  into  solution.      Alkaline 
solutions  convert  it  into  black  Miboxide  of  mercury,  as  is  seen  in 

treating  calomel  with  lime-water   JllgCl-f  CaO=  MJ<> 
Solution   of  ammonia  converts  it  into  a  jjray   comj 
•Ml  H  _'<']),  \\hich   is  the  analogue  of  white  precipitate  i  Ml  I! 
:  II «:/  in  place  of  Hg//. 

Mercttrou*  iodide  (Hgl)  is  a  green  unsUble  substam-f,  f<»rnio»l  win  n  i.-li-  ••  i-  trit- 
urated \cew  of  mercury  nn<l  H  liltlo  al«'")i"l.     The  l"-MUtitu. 

Hgl.)  hiu  been  noticed  at  p.  210      Its  vapor  has  the  n untrkul 
\  ity  16.68. 

roario  iodkU  be  diuolved  in  iodide  of  poUMium,  the  solution  rni\..l  with 
p<tUth,  and  some  nininoniti  mMr<l.  »  l.r<'\\  n  j>r«Ti|iitat«-  i<  form-Mi,  wlm-li  may  h-- 
n»pre»«'nt«-<l  l»y  th«-  formula  NHu  .1-  formnt  i.\  tti«- 

NH,  =  Nil    ,1  II  «•  BLO 

A  solution  of  mercuric  io<! 

;  us  one  of  the  roost  delicate  lest.- 

IH*.  of  ammonia  in  half  a  pint  of  water  is  distinctly  recognized  by  the  »•• 
tinge  caused  by  this  test. 

269.  •'••*  of  Mercury, — When  mercury  is  tritn.  h  sul- 

phur, the  black  *ubxulph.ide  of  t/c  •»«  >•>/////, 

.  it  was  termed  l.y  old  n  .  an  un- 

asily  resolyable    into  metallic  mer.-in  \ 
-    .      The  latter  has  been  mentioned  a>  the  principal 

niereii  -  importai  Ijihide 

of  in.-:  •iiuorphoii'.  ma^-e-.  some- 

nur  iu  coloi-  tViiiu  «lark 

It   mny  I-  -ii-hed  from  most  other  mim-raU  l>\   it- 

^p.  CT.  8.*2  .  and    I  \i  ith    a 

nitric  acid   sep:u:itel\   will  tliss« 
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but  a  mixture  of  the  two  dissolves  it  as  mercuric  chloride,  with  separa- 
tion of  sulphur.  Some  specimens  of  cinnabar  have  a  bright  red  color, 
so  that  they  only  require  grinding  and  levigating  to  be  used  as  vermilion  ; 
and  if  the  brown  cinnabar  in  powder  be  heated  for  some  time  to  120°  F. 
with  a  solution  of  sulphur  in  potash,  it  is  converted  into  vermilion. 

Of  the  artificial  sulphide  of  mercury  there  are  two  varieties,  the  black, 
which  is  precipitated  when  corrosive  sublimate  is  added  to  hydrosul- 
phuric  acid  or  a  soluble  sulphide,  and  the  red  (vermilion),  into  which 
the  black  variety  is  converted  by  sublimation,  or  b}^  prolonged  contact 
with  solutions  of  alkaline  sulphides  containing  excess  of  sulphur, 
though,  so  far  as  is  known,  the  conversion  is  effected  without  chemical 
change,  the  red  sulphide  having  the  same  composition  as  the  black.  In 
Idria  and  Holland,  6  parts  of  mercury  and  1  of  sulphur  are  well  agitated 
together  in  revolving  casks  for  several  hours,  and  the  black  sulphide 
thus  obtained  is  sublimed  in  tall  earthen  pots  closed  with  iron  plates, 
when  the  vermilion  is  deposited  in  the  upper  part  of  the  pots,  and  is 
afterwards  ground  and  levigated.  The  sublimed  vermilion,  however,  is 
generally  inferior  to  that  obtained  by  the  wret  process,  of  which  there 
are  several  modifications.  One  of  the  processes  consists  in  triturating 
300  parts  of  mercury  with  1 14  parts  of  sulphur  for  two  or  three  hours, 
and  digesting  the  black  product,  at  about  120°  F.,  with  75  parts  of  hy- 
drate of  potash  and  400  of  water  until  it  has  acquired  a  fine  red  color. 
The  permanence  of  vermilion  paint  is,  of  course,  attributable  to  the 
circumstance  that  it  resists  the  action  of  light,  of  oxygen,  carbonic 
acid,  aqueous  vapor,  and  even  of  the  sulphuretted  hydrogen  and  sul- 
phurous or  sulphuric  acid  which  contaminate  the  air  of  towns,  whereas 
the  red  paints  containing  lead  are  blackened  by  sulphuretted  hydrogen, 
and  all  vegetable  and  animal  reds  are  liable  to  be  bleached  by  atmos- 
pheric oxygen  and  by  sulphurous  acid. 

When  the  black  precipitated  mercuric  sulphide  is  boiled  with  solution 
of  corrosive  sublimate,  it  is  converted  into  a  white  chlorosulphide  of 
mercury,  IlgCl.,.2HgS,  which  is  also  formed  when  a  small  quantity  of 
hydrosulphuric  acid  is  added  to  corrosive  sublimate. 

It  is  remarkable  that  the  molecule  of  vermilion,  HgS,  occupies  3  vols. 
instead  of  2,  containing  2  vols.  of  mercury  vapor  combined  with  1  vol. 
of  sulphur  vapor.  The  anomaly  might  be  explained  on  the  supposition 
that  the  high  temperature  requisite  to  convert  the  vermilion  into  vapor 
suffices  to  suspend  the  attraction  between  its  elements,  so  that  the  vapor 
of  which  the  specific  gravity  is  taken  is  not  really  that  of  the  compound 
of  mercury  and  sulphur  (which  should  occupy  2  vols.),  but  a  mi.rture  of 
the  2  vols.  of  mercury  vapor  and  1  vol.  of  sulphur  vapor,  occupying  3 
vols.  This  view  of  the  temporary  decomposition  of  the  vapor  receives 
some  slight  support  from  the  convertibility  of  the  black  into  the  red 
sulphide  by  sublimation. 


BISMUTH. 

Bi/x/  =  210  parts  by  weight. 

270.  Bismuth,  though  useful  in  various  forms  of  combination,  is  too 
brittle  to  be  employed  in  the  pure  metallic  state.  It  is  readily  distin- 
guished from  other  metals  by  its  peculiar  reddish  lustre  and  its  highly 
crystalline  structure,  which  is  very  perceptible  upon  a  freshly  broken 
surface;  large  cubical  (or,  strictly  speaking,  rhornbohedral)  crystals  of 
bismuth  are  easily  obtained  by  melting  a  few  ounces  in  a  crucible,  allow- 


•!«"'.  OXIDES   OF    BISMUTH. 

ing  it  to  cool  till  a  crust  has  fornn  -1  up..n  the  surface,  and   povrfa 

:i    which  has   not    yet   solidified,  when    tin-  f-.und 

limn-  tin-  -ihle.      It  i-  somewhat  lighter  than  lea 

-hit ill/.. -s  in. •!•••  readily  at  high  temperatures. 

Cnlike  most  other  metals,  bismuth  i-  found  chieflv  in  tin'  metallic 
State,  dissemi nut cd  in  \eins.  through  gneiss  and  elav-slate.  Tin-  chief 
supph  »  mines  of  Schneeberg,  in  Saxony,  when 

associated  with  the  ores  of  ml. alt. 

iii   ..r.l. -i-  to  extract  the  metal  from  the  masses  of  earthy    • 

tli rough  which  it  in 
tributed,  advantage  is 
taken  of  its  very  low  fus- 
ing-point  (507°  F.).  The 
ore  is  broken  into  small 
pieces,  and  introdiu-ed 
into  iron  c\  liudri^  \\hieh 
are  fixed  in  an  inelinrd 
position  over  a  fun 

I  .  IT!  .  The  upper 
opening  of  the  ( \  linders, 
through  which  the  "re  is 
introdiicrd.  i-  pro\ii|«-d 
uit'i  an  iron  dOOT,  and 
the  lower  opening  is  < 
with  a  plate  of  lire  -brick  perforated  for  the  escape  of  the  metal,  which 
flows  out  when  the  cylinders  are  heated,  into  iron  receiving  pots,  which 
are  kept  hot  l.\  a  charcoal  fire. 

Commercial  bismuth    pern-rally   contains  considerable   quantities   of 
1C,  sulphur,  and  silver;    it  is  sometimes  r///,, //, ,/  in    the  »:imc  man- 
ner as   lead,  in   or<l«  act  the  -ilver,  the  oxide  of  bismuth   beim; 
Aards  again    reduced  to  the  metallic  state   by  heating  it  with  char- 
coal.     Pure  bismuth  dissolves  entirely  and  easily  in  diluted  niti 
(sp.gr.  l.-J):  l»nt  if  it  contains  arsenie,  a  white  deposit  of  :n 
bismuth  is  obtained.      Hydrochloric  and  diluted  sulphuric  acids  will  not 
act   upon  bismuth. 

The  chief  use  of  bismuth  is  in  the  preparation  of  certain    alloy-,  with 
idl  of  type  metal  and  stereotype    metal  contain 

bismuth,   which   confers  upon   them  tliepn.pc  in   the 

mould  durini:  solidification,  so  that  they  in  into  the  finest  lines 

of  the  impression. 

metal    is  also   remarkable   f..r  its  tendency  to  lower  the   rusin^- 
point  of  alloys,  which   cannot   be  accounted    for   merely  by  n 
the  low  fusing-point  of  the  n.  if.      Thus,  an  alloy  .,f  •_'  par1 

ninth.  1   p:«  '1   I    part   t  in.  fuses  bt-low  t  he  temperat  ure  of  boiling 

the   most    fusible  of  the  thr-  I   '«'m- 

f  442°  P.     An  alloy  of  this  kind  is  uM-d  for  s<.|.lerin-_r  pewter, 
.'h  is  also  emplo\t-d.  together  with  antimony,  in   the  const  met  inn 
of  thcrmo-ele.  >.     . 

I :     - 
'i  nlr. 

I ' 

n  heated  in  ••(  i>\*m\\i\i  bctooompOMd  by 
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heat,  and  is  a  yellow  powder  which  becomes  brown  when  heated,  and  fuses  easily. 
Bismuthic  oxide  forms  the  rare  mineral  bismuth -ochre. 

Bismuthic  acid  (Bi2O5)  is  formed  when  bismuthic  oxide  is  suspended  in  a  strong 
solution  of  potash  through  which  chlorine  is  passed,  when  a  red  solution  of  bis- 
muthate  of  potash  is  obtained,  and  hydrated  bismuthic  acid  (H2O.B5.2O5)  is  precipi- 
tated as  a  red  powder,  which  becomes  brown  and  anhydrous  at  270°  F.  It  is  easily 
decomposed  by  heat,  evolving  oxygen  and  leaving  Bi2O3.Bi2Og.  When  heated  with 
acids  it  also  evolves  oxygen,  and  forms  salts  of  bismuthic  oxide.  The  bismuthates 
of  the  alkalies  are  very  unstable,  being  decomposed  by  water. 

272.  The  only  two  salts  of  bismuth  which  are  known  in  the  arts  are 
the  basic  nitrate  (trisnitrate  of  bismuth  or  flake-white)  and  the  oxy- 
chloride  of  bismuth  (pearl-white}.     The  preparation  of  these  compounds 
illustrates  one  of  the  characteristic  properties  of  the  salts  of  bismuth, 
viz.,  the  facility  with  which  they  are  decomposed  by  water  with  the  pro- 
duction of  insoluble  basic  salts. 

If  bismuth  be  dissolved  in  nitric  acid,  it  acquires  oxygen  from  the 
latter,  and  becomes  sesquioxicle  of  bismuth,  which  combines  with  nitric 
acid  to  form  the  nitrate  of  bismuth  (Bi.,O.{.3N.,05),  and  this  may  be  ob- 
tained in  prismatic  crystals  of  the  composition  Bi203.3N20..10"Aq.  If 
the  solution  be  mixed  with  a  large  quantity  of  water,  it  deposits  a  pre- 
cipitate of  fake-white  (Bi,O8.N1jO6.H,0),  or"  basic  nitrate  of  bismuth,  the 
remainder  of  the  nitric  acid  being  left  in  the  solution. 

Pearl-white  has  the  composition  2(BiClrBi2O.,).H2O,  and  is  obtained 
by  dissolving  bismuth  in  nitric  acid,  and  pouring  the  solution  into  water 
in  which  common  salt  has  been  dissolved. 

Terchloride  of  bismuth  (BiCl3)  may  be  distilled  over  when  bismuth  is  heated  in  a 
current  of  dry  chlorine;  it  is  a  deliquescent  fusible  solid,  easily  dissolved  by  hydro- 
chloric acid,  but  decomposed  by  water,  with  formation  of  the  above-mentioned  oxy- 
chloride  of  bismuth;  3BiCl3  +  3H2O  =  BiCl3.Bi?O3  +  6HC1.  This  compound  is  so 
insoluble  in  water  that  nearly  every  trace  of  bismuth  may  be  precipitated  from  a 
moderately  acid  solution  of  the  terchloride  by  adding  much  water. 

Bi&muthou*  sulphide  (BiS)  is  sometimes  found  in  nature,  but  more  frequently 
bismuthic  sulphide  (Bi2S3)  or  bismuth  glance,  which  occurs  in  dark-gray  lustrous 
prisms  isomorphous  with  native  sulphide  of  antimony.  It  is  also  obtained  as  a 
black  precipitate  by  the  action  of  hydrosulphuric  acid" upon  bismuthic  salts.  Bis- 
muthic sulphide  is  not  soluble  in  diluted  sulphuric  or  hydrochloric  acid,  but  dissolves 
easily  in  nitric  acid. 

ANTIMONY. 

Sbx//  =  122  parts  by  weight. 

273.  Antimon}^  is  nearly  allied  to  bismuth  in  both  its  physical  an<J 
chemical  characters.     It  is  even  harder  and  more  brittle  than  that  metal, 
being  easily  reduced  to  a  black  powder      Its  highly  crystalline  structure 
is  another  very  well-marked  feature,  and  is  at  once  perceived  upon  the  sur- 
face of  an  ingot  of  antimony,  where  it  is  exhibited  in  beautiful  fernlike 
markings  (star  antimony}.     Its  crystals  belong  to  the  same  system  (the 
rhombohedral)  as  those  of  bismuth  and  arsenic.     It  is  much  lighter  than 
bismuth  (sp.  gr.  (5.715),  and  requires  a  higher  temperature  (800°  F.)  to 
fuse  it,  though  it  is  more  easily  converted  into  vapor,  so  that,  when 
strongly  heated  in  air,  it  emits  a  thick  white  smoke,  the  vapor  being 
oxidized.     Like  bismuth,  it  is  but  little  affected  by  hydrochloric  or  dilute 
sulphuric  acid,  but  nitric  acid  oxidizes  it,  though  it  dissolves  very  little 
of  the  metal,  the  greater  part  being  left  in  the  form  of  antimonic  acid. 
The  best  mode  of  dissolving  antimony  is  to  boil  it  with  hydrochloric 
acid  and  to  add  nitric  acid  by  degrees. 

Antimony  is  chiefly  found  in  nature  as  gray  antimony  ore  or  sulphide 
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of  ant  .  which  occurs  in   < '..rn\\:ill.   but    much   more  abun- 

.       It    is    found    in    \eins  :i— .  „  ;nted    \\ith  _ 
i  heavy  spar.      In   order  !••  pun: 

vantage  is  t   its  easy  fusibility,  tin-  ore   U-ini:  heated  u|,,,n  the 

hearth  of  a  ::itory  fm-i  .  s,,me  < 

•  hen    tin-   sulphide  of  antimony  melt  -  !    below  tin-  im- 

purities, whence  it  is  run  off  ami  cast  into  moulds.  Tin-  product  thus 
obtained  is  known  in  commerce  as  crud*  -y,  and  contaii 

-  of  arsenic,  iron,  and  lead. 

Tool.tai:  i    metallic  antimony,  the  sulphide  of 

antimony  is  someti!  i    \\itli  refuse  metallic  iron  (such 

as  tin-  dipping  of  tin-plato.  wh.-u  >ul|>hi<K>  of  iron  is  formed,  ai 
i  ^l.iu  upon  the  surface  of  the  melted  antimony — 

Sb,S3    +     Fe,    =    3FeS    -I-     Sb,. 

The  antimony  thus  obtained  always  contains  a  considerable  proportion 

of  iron. 

A    pun-r   product    is   procure. 1    1,\   another   process,  which  < 
roasting  the  sulphide  in  a  ivverberatory  furnace  at  a  tcmp«-r:ituiv  in^nlli- 
< -icnt    to   fuse   it.  for  al.out    twelve  hours,  when  most  of  the  sulphur  and 
UC  fxpelled  as  sulphurous  and  arsenious  .M  \inur  with 

them  a  roii»i'lriaMc   «jiiantity  of  oxide  of  antimony.      The    roaMed    «r<- 
has  a  brown-red   color,  and  contains   l.oth   oxide   and   sulphide  «•: 
in»ii\  :  it  is  mixed   into  a  paste  with  £  its  weight  of  charcoal  saturated 
with  a  strong  solution  of  carbonate  of  soda.      The   mixture 

i  in  crucibles,  when  the  oxide  of  antinioii\  .  d  l.y  tlie  char- 

coal, and  a  |iortion  of  the  sulphide,  ha\  inu  l»eeii  converted  into  oxide  l.\ 
double  decomposition  with  the  >..da  i-  -  N  >  =  Sb,Os  -f  .'i  \ 

is  also  n-duced.  the  remainder  of  the  sulphide  combining  witli  tin-  >.ul- 
pliide  of  sodium  to  form  a  slftg  which  floats  above  tin-  metallic  antimony  : 
the  latter  is  cast  into  in-ots  for  the  market,  and  .  known  M 

3      -     .    -  cm  ployed   for   the   pi 
of  some  of  the  compounds  of  the  metal. 

•  idl  acale,  antimony  may  t xtntrlril  from  the  sul|.hid<«  by  fu-i: 

un  ••»»rth«>n  i-nicil)!.-  with  4  part*  of  of  potasaiuni,  »t  ;i  ri. 

heat ;  or  by  mixing  4  part-  of  tb<>  MI)|.  >f  liitnrtrate  of  potash  and  11  of 

•  •  mixture,  by  rinull   ,  ,<  il»li-,  when 

the  tulphur  is  oxidized,  and  conv< •:  .t:»-li.  Ky  th>-  nitn-,  which  is 

tbfl  antimony.  -»  tluit  tin-  m«-tal  colIecU 

at  th.  \>\*. 

brlttlenOM Of  AQtimony  rendi-i-s  in  the  metal!: 

-tniction  of  tiiermo-electric  piles,  where  it  is  employed  in 
conjunction  \\ilh  bismuth.      Antimony  is  employed,  however,  to   1 

t'ul  allo\  s,  such  as  type-metal,  shrapnel  shell  Indicts,  Britannia 
metal,  and  pewter. 

Amorphous  Antimony. — The  or  :  may  be  ob- 

• 

•>    um<ir|.li 

•n  thi'i 

• 

' 

!uli"n,  \vhil-t  !  i 
lilver  of  tit  t.-.l  with  n  |>lai<- of  anliin  samesolut 
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some  little  distance  from  the  copper  plate.  The  deposit  of  antimony  which  forms 
upon  the  copper  has  a  brilliant  metallic  appearance,  but  is  amorphous,  and  not 
crystalline,  like  the  ordinary  metal.  If  it  be  gently  heated  or  sharply  struck,  its 
temperature  suddenly  rises  to  about  400°,  and  it  becomes  converted  into  a  form  more 
nearly  resembling  crystalline  antimony.  At  the  same  time,  however,  thick  fumes 
of  terchloride  of  antimony  are  evolved,  for  this  substance  is  always  present  in  the 
amorphous  antimony  to  the  amount  of  5  or  6  per  cent.,1  so  that,  as  yet,  there  is  not 
sufficient  evidence  to  establish  beyond  a  doubt  the  existence  of  a  pure  amorphous 
form  of  antimony  corresponding  to  amorphous  phosphorus,  however  probable  this 
may  appear  from  the  chemical  resemblance  between  these  elements. 

274.  Oxides  of  Antimony. — There  are  two  well-known  oxides  of  anti- 
mom7,  the  sesquioxide  (Sb203)  and  antimonic  acid  (Sh205).  Teroxide  or 
sesquioxide  of  antimony,  or  antimonic  oxide,  is  formed  when  antimon}7 
burns  in  air,  and  is  prepared  on  a  large  scale  by  roasting  either  the 
metal  or  the  sulphide  in  air,  for  use  in  painting  as  a  substitute  for  white 
lead.  It  is  also  found  in  nature  as  white  antimony  ore  or  valentinite. 
Antimonic  oxide  forms  a  crystalline  powder  usually  composed  of  minute 
prisms  having  the  shape  of  the  rarer  form  of  arsenious  acid  (p.  283), 
whilst  occasionally  it  is  obtained  in  crystals  similar  to  those  of  the  com- 
mon octahedral  arsenious  acid,  with  which,  therefore,  antimonic  oxide 
is  isodimorphous?  When  heated  in  air  it  assumes  a  yellow  color,  after- 
wards takes  fire,  smoulders,  and  becomes  converted  into  the  antimo- 
niate  of  teroxide  of  antimony  (SbiOrSb,06=Sb,Q4),  which  was  formerhr 
regarded  as  an  independent  oxide.  The  teroxide  is  insoluble  in  water, 
but  acids  dissolve  it,  forming  salts,  though  its  basic  properties  are 
weak,  and  its  salts  rather  ill  defined.  Potash  and  soda  are  also  capable 
of  dissolving  it,  whence  it  is  sometimes  called  antimonious  acid.3 

Antimonic  Acid  (Sb2O5)  is  formed  when  antimony  is  oxidized  with 
nitric  acid ;  it  then  forms  a  white  powder,  which  should  be  well  washed 
and  dried.  When  heated  it  becomes  pale  yellow,  and  is  decomposed  at 
a  high  temperature,  leaving  Sb,OrSb,O6.  It  is  dissolved  by  solution  of 
potash  forming  antimoniate  of  potash. 

A  better  method  of  obtaining  the  antimoniate  of  potash  consists  in 
graduallj'  adding  1  part  of  powdered  antimony  to  4  parts  of  nitre  fused 
in  a  clay  crucible,  when  the  oxygen  of  the  nitre  converts  the  antimonjr 
into  antimonic  acid,  which  combines  with  the  potash.  The  mass  is  pow- 
dered and  washed  with  warm  water  to  remove  the  excess  of  nitre  and 
the  nitrate  of  potash,  when  the  insoluble  anhydrous  antimoniate  of 
potash  is  left;  and  on  boiling  this  for  an  hour  or  two  with  water,  it  be- 
comes hydrated  and  dissolves.  The  solution,  when  evaporated,  leaves 
a  gummy  mass  of  antimoniate  of  potash,  having  the  composition  K20. 
Sb,205.5Aq. 

When  the  solution  of  antimoniate  of  potash  is  treated  with  carbonic 
acid,  a  crystalline  precipitate  of  biantimoniate  of  potash  (K2O.2Sb2O5) 
is  obtained.  If  antimoniate  of  potash  be  fused  (in  a  silver  crucible) 
with  hydrate  of  potash,  it  becomes  converted  into  met  antimoniate  of 
potash  (2K2O.Sb2O5),  which  is  decomposed  by  water  into  potash  and 
l>i in ct antimoniate  of  potash  (K2O.H.2O.Sb,O.).  which  may  be  crystallized 
from  the  solution.  This  latter  salt  is  valuable  as  a  test  for  soda,  since 

1  It  has  been  plausibly  suggested  that  tin:  .sudden  rise  of  temperature  may  be  due  to  the  presence  of 
an  antimony  compound"  analogous  to  the  so-called  chloride  of  nitrogen,  the  latter  element  being  con- 
nected with  antimony  by  several  chemical  analogies. 

3  The  octahedral  form  appears  to  bo  produced  only  when  the  prismatic  form  is  slowly  sublimed  in 
a  non-oxidizing  atmosphere.  The  mineral  exitfle  is  prismatic  oxide  of  antimony,  and  senarmonlite 
is  the  octahedral  form  of  that  oxide. 

a  Two  crystallized  anlimonites  of  soda  have  been  obtained,  the  neutral  antimonite  Na<jO.SbaO3.r>Aq., 
and  t!i  •  terantimonite  NaaO.;iSb,j<)3.2Aq. ;  the  former  is  sparingly  soluble,  the  latter  almost  insoluble 
in  water. 
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.    N       Q 

salts  of  soda  which  are  in^«>lul>!<    in  v.  >iv  obtan 

\\  IHMI    the    bimetal,  •    of  potash  j-  added 

toasolnt  i-  '['In-  -obit  i-.n  of  bimetantimoniate  <>!  potash 

;.to  ant  i  mon  iate  of  potash  I  K 
\vhii-li  dor*  not  so  ivadily  precipitate  soda. 

It  \\ill  he  remarked  t  hat  the  aiitimoniatcs  correspond  in  comp.. 
with  the  monobasic  (or  met  a)  phosphates,  whilst  the  metantiraoniates 
•  •nt  tin-  bibasic  (or  pyn>)  pho>p  hates. 

a  e..mpoimd  of  antimonic  acid  with  oxide  of  lead. 


275.     '  '•  "    '  Sbll  ''.  )  li  with    five 

_,ren,  when  an  alloy  of  zim    ami  antimon\  i   on   b\  diluted 

sulplmric  ari«l.  nr  \\  hm  a  ><'luti«»n  of  a  salt  of  anti- 
mony (tartar  emetic,  for  r\ami«lr)  i>  |M>mv.l   into  a 

apparatus   mntaininur  /inr  ami  «lilir 
a.-i.l  I  I  M  IK-  intlaim-.l  M  it 

issues  into  the  air,  it  iuirns  \\ith  a  li\i<l   tlamc.  emit- 
ting fuuies  of  nntini<>ni  ;nl  when 

glass  or  porcelhin  i>  «lepi-«->xt.«l  in  the  Maim 

•  Hues  coated  with  a  black  tilm  of  metalli*-  ant  i- 
mnny.      A  red  heat  dec..inp1.>t^   '  ,to  its  ele- 

inent<.  sn  that  if  the   tulte   thnniuh  which  it    i- 
ing  be  heated  with  a  -pint  lump 
Mark  deposit  «»f  ant  iiimny  will  ,  ond 

the  lieate-l    part.      The  <•<  >nip<  \*'\\  ion  of  aiitimoniet  ted    h  If   m.t 

certainly  established,  since  it  has   m-\er   l>een    odtained    nnmixrd   with 
hydrogen:   but  it   is  believed  to  contain    SI.  II 
cause,  when  passed  into  nitrate  of  silver,  it  jjives 
a  black  precipitate  containing  It  would 

then  be  analogous  to  ammonia  (Ml  i.   pho^phn- 
d  hydros,  -n  il'll     .:n,d  ar-enietted  hydrogen 
(A-ll  ,).      Ver\  minute  .|iiantities  of  antimony  are 
.  d  in  chemical  analysis  by  converting  it  into  this  form. 

CHLORIDES  OF  A  N  i  iMo\Y.  --('hloriiu-  and  antimony  combine 
readily,  with  evolution  of  heat  and  li^ht  :  the  chlorides  are  among  the 
most  important  eoMi|  .....  ,,d->  of  this  metal. 

Terchloride  <-  <>ny  (SbCl  »    may    be    prepan-«l    by  di-tillinur   '•'> 

parts  ot  i  antimony  with  s  parts 

FTO.J74.  of  Corrosive  HJiltlimate.  when  caloim- 

an  amalgam  of  antimony  are  left,  and  the 
terchloride  of  antimonv  (boilinirat    : 
liMil.s  over— 

Sb,  +  2HgCI,  =  SbCl,  +  SbHg  +  HgCI. 

in    also  be  Obtained    by  boiling    pow- 
•I  aiitimiiiiy  or  sulphide  of  ant  i: 

M    with    strong    Hiilphiiric 
and  di-lillini:  the  Milp  If  of 

Mionv    thus    obtained,    with    e»mmon 
-alt. 

talline  t  id.  whence  it*  old  name 

of   '  .It    max    b. 

solved  in  a  small  ipiant  i'  r.  but  a  larje  .pianr  it  \  of  «  •! 

:  inin^  a  bulky  white  preripitate.  \\  hi.  : 


SULPHIDES  OF  ANTIMONY.  411 

(3SbCl3  +  3H2O  =  SbCl3.Sb203  +  6IIC1).  When  hot  water  is 
added  to  a  hot  solution  of  terchloride  of  antimony  in  hydrochloric  acid, 
minute  prismatic  needles  are  deposited,  containing  2SbCls.5Sb4Os,  and 
formerly  called  powder  of  Algaroth.  The  terchloride  of  antimony,  in  its 
behavior  with  water,  much  resembles  that  of  bismuth.  Terchloride  of 
antimony  is  occasionally  used  in  surgeiy  as  a  caustic;  it  also  serves  as  a 
bronze  for  gun-barrels,  upon  which  it  deposits  a  film  of  antimony. 

Pentachloride  of  antimony  (SbCl.)  is  prepared  by  heating  coarsely 
powdered  antimony  in  a  retort,  through  which  a  stream  of  dry  chlorine 
is  passed  (Fig.  216),  the  neck  of  the  retort  being  fitted  into  an  adapter, 
which  serves  to  condense  the  pentachloride.  One  ounce  of  antimony 
will  require  the  chlorine  from  about  6  oz.  of  common  manganese  and  18 
oz.  (measured)  of  hydrochloric  acid.  The  pure  pentachloride  is  a  color- 
less fuming  liquid  of  a  very  suffocating  odor;  it  combines  energetically 
with  a  small  quantity  of  water,  forming  a  crystalline  hydrate,  but  an 
excess  of  water  decomposes  it  into  hydrochloric  and  hyd rated  metanti- 
monic  acids,  the  latter  forming  a  white  precipitate — 

2SbCl5  +  7H2O  ==  10HC1  +  2H2O.Sb205. 

Pentachloride  of  antimony  is  emplo^yed  by  the  chemist  as  a  chlorinating 
agent;  thus,  olefiant  gas  (C2H4)  when  passed  through  it,  is  converted 
into  Dutch  liquid  (C2H4C12),  and  carbonic  oxide  into  phosgene  gas,  the 
pentachloride  of  antimony  being  converted  into  terchloride. 

The  pentachloride  of  antimony  is  the  analogue  of  pentachloride  of 
phosphorus,  and  a  chloroxulphide  of  antimony  (SbCl3S),  corresponding 
to  chlorosulphide  of  phosphorus,  is  obtained  as  a  white  crystalline  solid 
by  the  action  of  hydrosulphuric  acid  upon  pentachloride  of  antimony. 

277.  Sulphides  of  Antimony. — The  ter sulphide  or  sesquisulphide  of 
antimony  (Sb2S3)  has  been  noticed  as  the  chief  ore  of  antimony.  It  is  a 
heavy  mineral  (sp.  gr.  4. 63)  of  a  dark-gray  color  and  metallic  lustre, 
occurring  in  masses  which  are  made  up  of  long  prismatic  needles.  It 
fuses  easily,  and  may  be  sublimed  unchanged  out  of  contact  with  air. 
It  is  easily  recognized  by  heating  it  in  powder  with  hydrochloric  acid, 
when  it  evolves  the  odor  of  hydrosulphuric  acid,  and  if  the  solution  be 
poured  into  water,  it  deposits  an  orange  precipitate.  This  orange  sul- 
phide, which  has  the  same  composition  as  the  gray  sulphide,  is  also 
obtained  by  adding  hydrosulphuric  acid  to  a  solution  of  a  salt  of  anti- 
mony (for  example,  tartar  emetic)  acidulated  with  hydrochloric  acid. 
It  may  be  converted  into  the  gray  sulphide  by  the  action  of  heat.  The 
orange  variety  constitutes  the  antimony  rtTinilioti,  the  preparation  of 
which  has  been  described  at  p.  247.  Native  tersulphide  of  antimony  is 
employed,  in  conjunction  with  chlorate  of  potash,  in  the  friction-tube  for 
firing  cannon  ;  it  is  also  used  in  percussion  caps,  together  with  chlorate 
of  potash  and  fulminate  of  mercury.  Its  property  of  deflagrating  with 
a  bluish-white  flame  when  heated  with  nitre,  renders  it  useful  in  compo- 
sitions for  colored  fires. 

Glass  of  antimony  is  a  transparent  red  mass  obtained  by  roasting  the 
tersulphide  of  antimony  in  air,  and  fusing  the  product ;  it  contains  about 
8  parts  of  teroxide  and  1  part  of  tersulphide  of  antimony. 

Red  antimony  ore  is  an  oxysulphide  of  antimony,  Sb.,Or2Sb2S.r 

Pentasulphide  of  antimony  (Sb,S5)  is  obtained  as  a  bright  orange-red 
precipitate  by  the  action  of  hydrosulphuric  acid  upon  a  solution  of  pen- 
tachloride of  antimony  in  hydrochloric  acid. 


EXTRACTION   OF   TIN    FROM    TIN-STONE. 

tin-   sulphides   nf  :iiitiinniiy  arc   sulphur 
with  the  alkaline  sulphides  to  form  .<»///./«••  /./////»- 

ly.     Hence  the\   are  easily  dissolved  liy  alkali. 

alkaline   sulphides.      Kveii    metallic   antimony,  in    powder,   is    .11- 
when  L'ently  heated  wit  h  solut  ion  of  sulphide  of  potassium  in  which  sul- 
phur 1  .iiss.,lved.  :my  lead  or    iron  which    may  In-   piv-.-nt   l>einur 
left  in  tin-  M  that  the  antimony  may  be  tcMcd  by  this   process 
as  to  its  freedom  from  tlios,.  metals. 

if  a  variable  mixture  of  sesquioxide  and  ses<| 

phide  of  antimony,  which  is  deposited  as  a  reddish-brown  powder  tV-m 
the  solution  obtained  l.y  boiling  sesquisulphide  of  antimony  with  potash 
Of  soda.  It  was  formerly  much  valued  tor  medicinal  purposes. 

•>t    is    the   sulphantimoniate    of    sulphide    of    sodium 
1SH,0).  and  may  be  obtained  in  fine  transpan-ir 
hedral  crystals. 

TIN. 
Sn  =  118  parU  by  weight. 

278.  Tin  is  l.\  no  means  so  widely  diffused  as  most  of  the  ot  her  nu-tals 
which  an-  lar^'ly  nsed.  and  is  scarcely  r\er  found  in  the  rnotallic  state 
in  nature.  Its  only  important  ore  is  that  known  as  tin-stone,  which  is  a 
lunoxide  of  tin  (SnO,).  and  is  LT'-nerally  found  in  veins  traversing  «|uartx, 
izranile.  or  llfttt,  It  is  generally  associated  with  arsenical  ir- 
and  with  a  mineral  railed  .  which  is  a  compound  of  lungs  tic  acid 

(WO,)  with  the  oxides  ,,f  iron  and  manirai 

Tin-stone  is  sometimes  found  in  alluvial  soils  in  the  form  of  detached 
rounded  masses;  it  is  then  called  .  and  is  much  purer  than 

that  found  in  veins,  for  it  has  undergone  a  natural  process  of  oxidation 
and  leviiiation  exactly  similar  to  the  artificial  treatment  of  the  impure 
ore.  These  detached  mas^.s  ,,f  stream  tin  ore  are  not  unfre.piently 
rectangular  prisms  with  pyramidal  terminal  ions. 

ish   mines   furnish  the  largest  supplies  of  tin.  and  those  of 
M  stand  next.      Tin-stone   is  also   found    in  P..-! 

SAXOny,  and  California.     At  the  Cornish  ti:  'M-  purer  port; 

the  ore  are  picked    out   h\    hand,  and  the  residue,  \\hich  contains  ipiartz 
and  other  earthy  impurities,  together  with  copper  pyrite- 
iron    pyrites,  is    reduced  to  a  coarse  powder   in  the   st ampiiiu'-mir 
washed  in  a  stream  of  water.     The  tin-stone.  ln-in_  '.y  hard,  is 

-<»  fine  a  powder  as  the  pyritous  minerals  associated  with 

ie  therefore  more  ri  •  rieil  away  by  the  it 

Of  water  than  the  tiii-.t,,ne.      The    removal   of  the  foreign  matters    fVoin 

B  is  :i|>,,  muci;  '.y  the  hi^h  specific  gravity  of  t  lie  l«i: 

.  which  is  •;.:..  whilst  that  of  sand  or  quart/,  is  only  -J.7.  so  that  the 

would    be    carried    of  |,\-  a    stream    which    would    not    disturb   the 

former.      So  easily  and  completely  can  this   separat  i.  that 

a  sand  eont  a  in  i  n-  less  t  ha  i,  .  -iic  per  cent .  of  t  in-st .  me  is  foiin-l  caj'al'1.-  of 

being  ••••ou.im;.  ,-ed. 

ilphur  which  may  still   remain  in 
the  washed  ore.it  is  ron-ted  in  .|iiantit 

•i^'a-,red  in  the  form  of  sulphurous 

id  the  arsenic  in  that  ''is  acid,  the  iron  bcin^  left   in  the 

.  and  the  e..pj,er  j.artlx  as  snip!;:  per,  partly 

.(.hide.      To   romp  -.f  the  IntolablQ  >»nl- 
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phide  of  copper,  and  its  conversion  into  the  soluble  sulphate,  the  roasted 
ore  is  moistened  with  water  and  exposed  to  the  air  for  some  days,  after 
which  the  whole  of  the  copper  may  be  removed  by  again  washing  with 
water. 

A  second  washing  in  a  stream  of  water  also  removes  the  sesquioxide 
of  iron  in  a  state  of  suspension,  and  this  is  much  more  easily  effected 
than  when  the  iron  was  in  the  form  of  pyrites,  since  the  difference  be- 
tween the  specific  gravity  of  this  mineral  (5.0)  and  that  of  the  tin-stone 
(6.5)  is  far  less  than  that  between  sesquioxide  of  iron  and  tin-stone. 

The  ore  thus  purified  contains  between  GO  and  70  per  cent,  of  tin  ;  it 
is  mixed  very  intimately  with  about  ^  of  powdered  coal,  and  a  little 
lime  or  fluor  spar  to  form  a  fusible  slag  with  the  earthy  impurities ;  the 
mixture  is  sprinkled  with  water  to  prevent  its  dispersion  by  the  draught 
of  air,  and  thrown  on  the  hearth  (A,  Fig.  275)  of  a  reverberatory  fur- 
nace, in  charges  of  between  20  and  25  cwts. 

The  temperature  is  not  permitted  to  rise  too  high  at  first,  lest  a  por- 
tion of  the  oxide  of  tin  should  com- 
bine with  the  silicic  acid  to  form  a  FlG-  275- 
silicate,    from    which     the    metal 
would  be  reduced  with  difficulty. 

During  the  first  6  or  8  hours  the 
doors  of  the  furnace  are  kept  shut, 
so  as  to  exclude  the  air  and  favor 
the  reducing  action  of  the  carbon 
upon  the  binoxide  of  tin,  the  oxy- 
gen of  which  it  converts  into  car- 
bonic oxide,  leaving  the  tin  in  the 
metallic  state  to  accumulate  upon 


the  hearth  beneath  the  layer  of  slag. 
When  the  reduction  is  deemed  com- 
plete, the  mass  is  well  stirred  with 
an  iron  paddle  to  separate  the  metal 
from  the  slag ;  the  latter  is  run  out 
first,  arid  the  tin  is  then  drawn  off 
into  an  iron  pan  (B),  where  it  is 
allowed  to  remain  at  rest  for  the 
dross  to  rise  to  the  surface,  and  is 
ladled  out  into  ingot-moulds. 

The  slags  drawn  out  of  the  smelt- 

ing-furnace  are  carefully  sorted,  those  which  contain  much  oxide  of  tin 
being  worked  up  with  the  next  charge  of  ore,  whilst  those  in  which 
globules  of  metallic  tin  are  disseminated  are  crushed,  so  that  the  metal 
may  be  separated  by  washing  in  a  stream  of  water. 

The  tin,  when  first  extracted  from  the  ore,  is  far  from  pure,  being  con- 
taminated with  small  quantities  of  iron,  arsenic,  copper,  and  tungsten. 
In  order  to  purify  it  from  these,  the  ingots  are  piled  into  a  hollow  heap 
near  the  fire-bridge  of  a  reverberatory  furnace,  and  gradually  heated  to 
the  fusing-point,  when  the  greater  portion  of  the  tin  flows  into  an  outer 
basin,  whilst  the  remainder  is  converted  into  the  binoxide,  which  re- 
mains as  dross  upon  the  hearth,  together  with  the  oxides  of  iron,  copper, 
and  tungsten,  the  arsenic  having  passed  off  in  the  form  of  arsenious 
acid.  Fresh  ingots  of  tin  are  introduced  at  intervals,  until  about  5  tons 
of  the  metal  have  collected  in  the  basin,  which  is  commonly  the  case  in 
about  an  hour  after  the  commencement  of  the  operation. 

The  specific  gravity  of  tin  being  very  low  (7.285),  any  dross  which 
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;ii   min-led   with   it  does  not  separate  v.  lyj  to 

'•   ilii-.  i  ':il   is  well  agitated   1  with   Wet 

wooden  poles,  or  lowering  billets  of  wet  wood  into  it.  win  -n  tin-  evolved 
luiltliles  of  Stem  '  !>e  impurities    up   to   tin-   surface    in    :i    kin.  I   of 

froth  ;   tin-  -limm:  is  continued  for  about  three  hours.  and   tin-  in 
allowed    to    remain  at  rest  for   two  hours,  when  it   is   skimmed    ami 
ladled  into  ingot-moulds.      It  is  found  that,  in  consequence  «.f  tin-  light- 
ness <  'd.  and  its  tendency  to    separate    from   the    other    : 

with  which  it  is  contaminated,  the  ingots  which  are  cast  from  th< 
first  ladled  out  of  the  pot  an*  purer  than  those  from  the  bottom  ;   this  is 
Shown    liy  striking   tin-  hot   ingots  with   a    hammer,  when  they  l.reak  up 
into  the  irregular  prismatic  fragments  known  as  dropped  or 
the  impure  metal  not  exhibiting  this  extreme  brittlem-^  :,t  a    hi-jh  tem- 
The   tin    imported    from    Hanca   is  celebrated  for  its  pnritv 

When   the   tin  <>rc  contains  wolfram,  it   is  usual  to  purify  it    before 
smelt  MIL:,  by  fusion  with   car!  soda   in  a  ivverberatory  furnace, 

when  tin-  tun^stii-  acid  is.con\  erte«l  into  tungstate  of  soda,  which 
solved  out  by  water  and  cry>talli/.ed.      This  salt  lin«U  an  aj.  plication  in 
calico-printinir. 

On  tin-  small  scale,  tin  maybe  extracted  from  tin-Mom-  ,  by  fusing  100 
grains  \\ith  L'<»  grains  of  dried  carbonate  of  soda,  and  20  of  dried  borax, 
in  a  crncilile  lined  with  charcoal,  exactly  as  in  the  extract. 
(see  i 


I'y  its  physical  characters,  tin  is  very  readily  dist  in^uislic.  i 
other  metals.      If  a  bar  of  tin  be  bent,  it  emits  a  peculiar  «-ra<-klinu  sound. 
With  the  exception  of  lead  and  /inc.  it  is  the  least  tenacious  of  all  the 
metals   in   common    use  ;   its  ductility  is  therefore  very  low,  and  I- 

iy  common  metal  which  is  more  dillicult  to  draw  into  \\ire  at  the 
ordinai\   temperature.     Tin  may.  liouc\er.  l.e  drawn  at  •_'  1  '2  ~J  V. 

In    fusil,  ility.  tin   surpasses  all   the  oihcr  common   metals,  becoming 
liipiid  at  41-J     !•'..  l«iit  it  is  not  easily  \  Its  malleab  ility  is  also 

_:reat,  only    gold,   silver,  and  copper  exhibiting  this  quality    in   a 
higher  degree.     'I  his  mall,  -ab  ility  is  shown  in  the  manufacture- 
where  plates  of  the  bent  tin  are  hammered  d«.\\n  to  a  certain  tin: 

.d  upon  each  other,  and  again  beaten  till  extended  to  the 
.ired  '!»••_:: 

rlnt'\  it  must  be  rememl-eicd.  is  made  in  a  very  different 
itinur   -hei-ts  of  iron  with  a  layer  of  tin;  the  best  kind,  known  as 
.  'u-ing  that  which  i-  \\ith  the  thickest  layer  of  t  in.  and 

afterwards  hammered    upon  a  polis|,,-d  anvil  in  order  to  consolidate   the 
coat  in-   and    make    it  adhere  more  firmly.      Tin.  ln-ini:  mialt. 
posure  to  air  at  the  ordinary  temperature,  will   elfectually  protect    the 
non:  as  long  as  the  coating  of  t>  .  .-t.  but  as  soon  as  a 

!i  of  the  tin  is  ivmoxi-d  so  as  to   lea\c  the  iron  exposed. 
will   take   place    \i-rv   rapidly,  l.c.-aiise   the   two   metal-   form   a    galvanic 
couple,  which   will   decompose   the   wa  ',\ith   earbonic   ai-id) 

deposited    upon    them    from    the   air.  and   the    iron,  having'    the    g 

ion  for  oxygen,  will   be   the  metal  a1 

vaniz*  i  with  /inc).  on  th<  ,  ,  the  /in.  •  would    In-  the 

.  and  hence  the  greater  duiabiliU   of  this   material  umler 

II    Colldll 

•he  manufacture  of  tin-plate,  the  \ery  Lest  iron  refined  with  char- 
COal  (see  p.  most    important    part   of  the   pro- 
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cess  consists  in  cleansing  the  iron  plates  from  every  trace  of  oxide  which 
\vouUr prevent  the  adhesion  of  the  tin.  To  effect  this  they  are  made  to 
undergo  several  processes,  of  which  the  most  important  are — (1),  im- 
mersion in  diluted  sulphuric  acid  ;  (2),  heating  to  redness  ;  (3),  hammer- 
ing and  rolling  to  stale  off'  the  oxide  ;  (4),  steeping  in  sour  bran;  (5), 
immersion  in  mixed  diluted  sulphuric  and  hydrochloric  acids;  (6), 
scouring  with  bran  ;  (7),  washing  with  water  ;  they  are  then  dried  for  an 
hour  in  a  vessel  of  melted  tallow  which  prevents  contact  of  air,  and  im- 
mersed for  an  hour  and  a  half  in  melted  tin,  the  surface  of  which  is 
protected  from  oxidation  by  tallow;  after  draining,  they  are  dipped  a 
second  time  into  the  tin  to  thicken  the  layer;  then  transferred  to  a  bath 
of  hot  tallow  to  allow  the  superfluous  tin  to  run  down  to  the  lower  edge, 
whence  it  is  afterwards  removed  by  liquefying  it  in  a  vessel  of  melted 
tin,  and  shaking  it  off  by  a  sharp  blow.  About  8  Ibs.  of  tin  are  required 
to  cover  225  plates,  weighing  112  Ibs. 

Terne-plafe  is  iron  coated  with  an  alloy  of  tin  and  lead. 

In  tinning  the  interior  of  copper  vessels,  in  order  to  prevent  the  con- 
tamination of  food  with  the  copper,  the  surface  is  first  thoroughly  cleaned 
from  oxide  by  heating  it  and  rubbing  over  it  a  little  sal  ammoniac  (hydro- 
chlorate  of  ammonia,  NH3.HC1),  which  decomposes  any  oxide  of  cop- 
per, converting  it  into  the  volatile  chloride  of  copper  (CuO  +  2(NHr 
HC1)  =  CuCl2  -f  H2O  +  2NH3).  A  little  resin  is  then  sprinkled  upon 
the  metallic  surface,  to  protect  it  from  oxidation,  and  the  melted  tin  is 
spread  over  it  with  tow. 

Pins  (made  of  brass  wire)  are  coated  with  tin  by  boiling  them  with 
cream  of  tartar  (bitartrate  of  potash),  common  salt,  alum,  granulated 
tin,  and  water;  the  tin  is  oxidized  at  the  expense  of  the  water,  and  is 
then  dissolved  by  the  acid  liquid,  from  which  solution  it  is  reduced  by 
electrolytic  action,  for  the  tin  is  more  highly  electropositive  than  the 
brass,  and  the  latter  acts  as  the  negative  plate. 

280.  Alloys  of  Tin. — The  solder  employed  for  tin-wares  is  an  alloy  of 
tin  and  lead  in  various  proportions,  sometimes  containing  2  parts  of  tin 
to  1  of  lead  (fine  solder),  sometimes  equal  weights  of  the  two  metals 
(common  solder),  and  sometimes  2  parts  of  lead  to  1  of  tin  (coarse 
solder).  All  these  alloys  melt  at  a  lower  temperature  than  tin,  and, 
therefore,  than  lead.  In  applying  solder,  it  is  essential  that  the  surfaces 
to  be  united  be  quite  free  from  oxide,  which  would  prevent  the  adhesion 
of  the  solder;  this  is  insured  by  the  application  of  sal  ammoniac,  or  of 
hydrochloric  acid,1  or  sometimes  of  powdered  borax,  remarkable  for  its 
ready  fusibility  and  its  solvent  power  for  the  metallic  oxides. 

Tin  forms  the  chief  part  of  the  alloys  known  as  pewter  and  Britannia 
metal,  the  former  being  composed  of  about  4  parts  of  tin  and  1  of  lead, 
whilst  the  latter  contains,  in  addition  to  the  tin,  comparatively  small 
quantities  of  antimony,  copper,  and  lead.  Another  similar  alloy  is  com- 
posed of  12  parts  of  tin,  I  of  antimony,  and  a  little  copper. 

Gun-metal  is  an  alloy  of  90.5  parts  of  copper  with  9.5  of  tin,  especi- 
ally valuable  for  its  tenacity,  hardness,  and  fusibility.  In  preparing 
this  alloy,  it  is  usual  to  melt  the  tin,  in  the  first  place,  with  twice  its 
weight  of  copper,  when  a  white,  hard,  and  extremely  brittle  allo}^  (hard- 
metal)  is  obtained.  The  remainder  of  the  copper  is  fused  in  a  deoxidi- 
zing flame  on  the  hearth  of  a  reverberatory  furnace,  and  the  hard  metal 

1  It  is  customary  to  kill  the  hydrochloric  acid  by  dissolving  some  ziuc  in  it.    The  chloride  of  zinc 
is  probably  useful  in  protecting  the  work  from  oxidation. 
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:-_:hly    mixed    with    it,    long  wooden    -.tirrers    l.rin-  em; 
quantity   of  i.l.l  'til  is  usually  melted  with  the   copper,  and  faeili- 

tatas  the  nixtag  of  the  metals.    When  the 

the  oxide    I  ••'!   from  tin-   .surface,  ami    the   ^un-metal  is    mn  into 

moulds  made  of  loam,  i :  during  the  rmminir. 

in  on  I-  ei, i    the  separation.  t««  \\hich  this  alloy  is  \-\-\ 

a  white   alloy  containing  a    larger  |.r«  •  ]  :'  tin.  which   has   | 

Specific  gravity,  ami  w..ul.l  chidlv  collect  in  tin-  upper  part  «.f  the  cast- 
ing. In  casting  cannon  erroneously  called  ///•//.<>•  nun*),  the  uinulil  is 
placed  perpendicularly  with  tlu-  mu/./.le  upwards,  the  upper  part  of  the 
mould  being  about  3  feet  longer  than  is  required  for  th-  that  a 

superfluous  cylinder  of  metal  ii  formed,  in  which  tin 

illov  collects,  together  with  any  oxide  or  dross  which  in:r. 
run  out  with  the  metal;  probably,  also,  the  weight  of  this  column  of 
metal  hastens  the  solidification  and  hinders  the  separation  of  the  metals, 
at  the  -aim-  time  increasing  the  density  and  consequent  tenacity  <»!'  the 
metal  at  the  breech  of  the  ^un  :  this  dead-head  i>  cut  off  before  the  gun 
is  turned  and  bored.  The  metal  is  run  into  the  mould  at  a  tempera- 
ture as  near  its  point  of  solidification  as  possible,  so  as  to  diminish  the 
cluince  of  separation.  The  purest  commercial  qualities  of  copper  and 
tin  an-  always  employed  in  jrun  metal. 

-  essentially  an  alloy  of  copper  and  tin.  containing  more  tin 
than  gun-metal :  its  composition  is  varied  according  to  its  application, 
small  quantities  of  x.inc  and  lead  being  often  added  to  it. 

I  by  changes  of  temperature,  in  a  manner  precisely  the  reverse  of 
that  in  which  steel  is  influenced,  for  it  becomes  hard  and  brittle  when 
allowed  to  cool  slowly,  but  soft  and  malleable  when  quickly  cooled.  The 

making  bronxe  was  practiced  before  any  progress  had  been  made 

t  king  iron,  and   ancient  weapons   were  very  commonly    of  this 
rial. 

-ubstituted  for  the  copper  coinage)  is  composed 
copper,  i  tin,  and  1  zinc. 

an  alloy  of  about  4  parts  of  copper  and  1  of  tin.  to 
which  lead  and  xinc  are  sometimes  added.  Tin- metal  of  which  musical 
instruments  are  made  generally  contains  the  same  proportions  of  copper 
and  tin  as  bell  metal. 

i   for  reflectors  in  optical  instrument-. 
sists  of  2  parts  of  copper  and    1    of  tin,  to  which  a  little  /.i: 

\ «  i  are  sometimes  added  to  han leu  it.  and  render  it  susceptible 
of  a  high  polish. 

A  sit j  '--metal  is  composed  of  1  part  «,f  tin.  1  of  anti- 

mony, and  2  of  lead. 

Tin    is    not    diss.,|\ed    by    nitric    acid,   but    i-  i    into   a   white 

powder,  the  binoxide  «.f  tin  :   hydroch!  it   with; 

Of  heat.  e\olvinur  h\dro;jen  ;    but  the  best  solvent  for  tin  is  a  mixture  of 
little  niti  When  the  metal  i-  acted  upon  by 

hlorieaeid.it    as-  line   app  -.\  Inch   ha- 

:i!inur  tin  |>,.v.  .      I  f  a  i  niiiion  tin- 

plate    be   i  th    tow    dipped    in   a   u:inn  of   h\dro- 

\    prettily  di\e|sjt  . 

'    is  usual   to  Co'  -h  a   colored  tian-; 

-h. 

Commercial   tin    is   liable   to  contain   minute  q  .  iron. 

Copper,  arsenic,  aiitiinon\ .   bismuth,   u'old,  mol\  bdcnum,   and   tui. 
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Pure  tin  may  be  precipitated  in  crystals  by  the  feeble  galvanic  current 
excited  by  immersing  a  plate  of  tin  in  a  strong  solution  of  stannous 
chloride,  covered  with  a  layer  of  water,  so  that  the  metal  ma}r  be  in  con- 
tact with  both  layers  of  liquid. 

281.  OXIDES  or  TIN. — Two  oxides  of  this  metal  are  known — the  prot- 
oxide, SnO,  and  the  binoxide,  SnO,. 

Protoxide  of  tin  (Suo),  or  stannous  oxide,  is  a  substance  of  little  prac- 
tical importance,  obtained  by  decomposing  stannous  chloride  with  an 
alkali.  Its  color  varies,  according  to  the  mode  of  preparing  it,  from 
black  or  olive-colored  to  red.  It  is  a  feebly  basic  oxide,  and  therefore 
dissolves  in  the  acids ;  it  ma}7  also  be  dissolved  by  a  strong  solution  of 
potash,  but  is  then  easily  decomposed  into  metallic  tin  and  the  binoxide 
which  combines  with  the  potash. 

Binoxide  of  tin  (Sn02)  or  stannic  oxide,  has  been  mentioned  as  the 
chief  ore  of  tin,  and  is  formed  when  tin  is  heated  in  air.  Tin-stone,  or 
cassiterite,  as  the  natural  form  of  this  oxide  is  called,  occurs  in  very  hard, 
square  prisms,  usually  colored  brown  by  peroxide  of  iron.  In  its  insolu- 
bility in  acids  it  resembles  crystallized  silica,  and,  like  that  substance, 
it  forms,  when  fused  with  alkalies  or  their  carbonates,  compounds  which 
are  soluble  in  water ;  these  compounds  are  termed  stannates,  the  binoxide 
of  tin  being  known  as  stannic  acid. 

Stannate  of  soda  is  prepared,  on  the  large  scale,  for  use  as  a  mordant 
by  calico-printers.  The  prepared  tin  ore  (p.  413)  is  heated  with  solution 
of  hydrate  of  soda,  and  boiled  down  till  the  temperature  rises  to  500°  or 
600°  F. ;  or  the  tin  ore  is  fused  with  nitrate  of  soda,  when  the  nitric  acid 
is  expelled.  It  crystallizes  easily  in  hexagonal  tables  having  the  com- 
position Na.2O.Sn02,  4Aq.,  which  dissolve  easily  in  cold  water,  and  are 
partly  deposited  again  when  the  solution  is  heated.  Most  neutral  salts 
of  the  alkalies  also  cause  a  separation  of  stannate  of  soda  from  its 
aqueous  solution.  The  solution  of  stannate  of  soda  has,  like  the  silicate, 
a  strong  alkaline  reaction,  and  when  neutralized  by  an  acid,  yields  a 
precipitate  of  hydrated  stannic  acid,  H2O.SnO2.  If  the  solution  of  stan- 
nate of  soda  be  added  to  an  excess  of  hydrochloric  acid,  the  stannic 
acid  remains  in  solution,  and  if  the  liquid  be  dialyzed  (see  p.  144),  a 
jelly  is  first  formed,  which  gradually  liquefies  as  the  chloride  of  sodium 
diffuses  away,  and  eventually  a  pure  aqueous  solution  of  stannic  acid  is 
obtained,  which  is  very  easily  gelatinized  by  the  addition  of  a  minute 
quantity  of  hydrochloric  acid,  or  of  some  neutral  salt.  The  great  simi- 
larity between  stannic  and  silicic  acids  is  here  very  remarkable.  When 
heated,  stannic  acid  is  converted  into  metastannic  acid. 

Metastannic  acid  (Sn5O10)  is  obtained  as  a  white  crystalline  hydrate  when  tin  is 
oxidized  by  nitric  acid  ;  when  washed  with  water  and  dried  by  exposure  to  air,  it  has 
the  composition  Sn5O10.10H2O,  but  when  dried  at  21ii°  F.  it  becomes  Sn5O10.5H2O. 
If  more  strongly  heated,  it  assumes  a  yellowish  color,  and  a  hardness  resembling 
that  of  powdered  tin-stone.  Putty  powder,  used  for  polishing,  consists  of  meta- 
stannic acid;  as  found  in  commerce  it  generally  contains  much  oxide  of  lead  Meta- 
stannic  acid  is  insoluble  in  water  and  diluted  acids,  and  when  fused  with  hydrated 
alkalies,  is  converted  into  a  soluble  stannate;  but  if  boiled  with  solution  of  potash  it 
is  dissolved  in  the  form  of  metastannate  of  potash,  which  will  not  crystallize,  like 
the  stannate,  but  is  obtained  as  a  granular  precipitate  bv  dissolving  hydrate  of 
potash  in  its  solution.  This  precipitate  has  the  composition  K2O.Sn5O10.4Aq  ;  it  is 
very  soluble  in  water,  and  is  strongly  alkaline.  When  it  is  heated  to  expel  the 
water,  it  is  decomposed,  and  the  potash  may  be  washed  out  with  water,  leaving 
metastannic  acid.  The  hydrated  metastannic  acid  may  be  distinguished  from  hy- 
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282.  ( 'in. CHIDES  OF  TIN. — The  two  chlorides  of  tin  correspond  \\. 
-ii  to  the  oxides. 

or  protochloride  of  t  much  u- ••!  by 

dyers  s,  and  is  prepared  by  di--ol\ -in-.:  t  in  in  i 
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needle  '  \<\.  .  known  as  Hi-  or  8aUn<>'  '     .     Tin-  solution 

of  tin-  tin  is  general  1  in  a  copper  vessel,  in  <>nler  to  accelerate 

the  action  I iv  ti.rniinir  a  voltaic  couple,  of  which  the  tin 
metal.      When  gently  heated,  the  cr\  -tills  lose  their  writer,  :m«l  arc  partly 
decomposed,  soinr   Bydiodllorie  a»-i«l   l»ein_i;  evi.l\nl  (Snd        11^  = 
SnO  -f  -Jliri):  I. ut,  at  a  higher  tempi-rat  ure,  a  .rival  part  «>f  tin-  chl..ii,l,. 
may   be  di^tillt-<l   in   the   anhydrous  state;  tin-   anhydrous  ehlortd.-   is 
generally  prepared   1>\  dislillinjr  p«»w«lered  tin  with  corrosive  siihliinate. 
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of  tin.  A  -t  long  solution  of  the  chloride  is  not  oxidi/cd  l>y  the  air.  ami 
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agent.     Tin  maybe  precipitated   from  stannous  chloride  by  t  he 
of  /inc.  in   the    form    of  minute   crystal-.      A   very  beautiful'   ///* 
obtained  by  .li--<.lvin-_r  ur,-:lllll|;itrd  tin  in  strong  hydrochloric  acid,  with 
the  aid  of  heat,  in  the  proportion  of  8  measured  oz.  ot  a.  id  to  1000  grs. 
of  tin,  diluting  the  solution  with  four  times  its  bulk  of  water,  and  intro- 
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acid  upon  a  solution  of  stannous  chloride.  Protosulphicle  of  tin  is  a 
sulphur  base,  but  it  may  be  dissolved  by  alkalies  if  some  sulphur  be 
added,  which  converts  it  into  the  bisulphide,  a  decided  sulphur  acid. 

Bisulphide  of  tin,  or  stannic  sulphide  (SnS2),  is  commonly  known  as 
mosaic  gold  or  bronze  powder,1  and  is  used  for  decorative  purposes.  It 
is  prepared  by  a  curious  process,  which  was  devised  in  1771,  and  must 
have  been  the  result  of  a  number  of  trials.  12  parts  by  weight  of  tin 
are  dissolved  in  6  parts  of  mercury ;  the  brittle  amalgam  thus  obtained 
is  powdered  and  mixed  with  7  parts  of  sulphur  and  6  of  sal  ammoniac. 
The  mixture  is  introduced  into  a  Florence  flask,  which  is  gently  heated 
in  a  sand-bath  as  long  as  any  smell  of  hydrosulphuric  acid  is  evolved  ; 
the  temperature  is  then  raised  to  dull  redness  until  no  more  fumes  are 
disengaged.  The  mosaic  gold  is  found  in  beautiful  yellow  scales  at  the 
bottom  of  the  flask,  and  sulphide  of  mercury  and  calomel  are  deposited 
in  the  neck.  The  mercury  appears  to  be  used  for  effecting  the  fine  divi- 
sion of  the  tin,  and  the  sal  ammoniac  to  keep  down  the  temperature  (by 
its  volatilization)  below  the  point  at  which  the  bisulphide  of  tin  is  con- 
verted into  protosulphide. 

Mosaic  gold,  like  gold  itself,  is  not  dissolved  by  hydrochloric  or  nitric 
acid,  but  easily  by  aqua  regia.  Alkalies  also  dissolve  it  when  heated, 
since  the  bisulphide  of  tin  is  a  sulphur  acid.  On  adding  hydrosulphuric 
acid  to  a  solution  of  stannic  chloride,  the  stannic  sulphide  is  obtained 
as  a  yellow  precipitate. 

284.  TITANIUM  (Ti  =  50  parts  by  weight),  which  stands  in  close  chemical  rela- 
tionship to  tin,  used  to  be  described  as  a  very  rare  metal,  but  it  has  lately  been 
found  to  exist  in  considerable  quantity  in  iron  ores  and  clays,  although  no  verv  im- 
portant practical  application  has  hitherto  been  found  for  it.  The  form  in  which  it 
is  generally  found  is  titanic  acid  (TiO2),  which  occurs  uncombined  in  the  minerals 
rutile,  anatase,  and  brookite,  the  first  of  which  is  isomorphous  with  tin-stone,  and  is 
extremely  hard  like  that  mineral.  In  combination  with  oxide  of  iron,  titanic  acid 
is  found  in  iron-sand,  iserine,  or  menachanite  (found  originally  at  Menachan  in  Corn- 
wall), which  resembles  gunpowder  in  appearance,  and  is  now  imported  in  abun- 
dance from  Nova  Scotia  and  New  Zealand.  Some  specimens  of  this  mineral  con- 
tain 40  per  cent,  of  titanic  acid,  combined  with  protoxide  of  iron.  To  extract  acid 
from  it,  the  finely  ground  mineral  is  fused  with  three  parts  of  carbonate  of  potash, 
when  carbonic  acid  is  expelled  and  titanate  of  potash  formed ;  on  washing  the  mass 
with  hot  water,  this  salt  is  decomposed,  a  part  of  its  alkali  being  removed  by  the 
water,  and  an  acid  titanate  of  potash  left,  mixed  with  the  oxide  of  iron.  This  is 
dissolved  in  hydrochloric  acid,  and  the  solution  evaporated  to  dryness,  when  the 
titanic  acid,  and  any  silicic  acid  which  may  be  present,  are  converted  into  the  insol- 
uble modifications,  and  are  left  on  digesting  the  residue  again  with  dilute  hydro- 
chloric acid;  the  residue  is  washed  with  water  (by  decantation,  for  titanic  acid 
easily  passes  through  the  filter),  dried,  and  fused  at  a  gentle  heat  with  bisulphate  of 
potash.  The  sulphuric  acid  forms  a  soluble  compound  with  the  titanic  acid  (TiO2. 
SO3),  which  may  be  extracted  by  cold  water,  leaving  the  silicic  acid  undissolved. 
The  solution  containing  the  titanic  acid  is  mixed  with  about  twenty  times  its  vol- 
ume of  water,  and  boiled  for  some  time,  when  the  titanic  acid  is  separated  as  a  white 
precipitate,  exhibiting  a  great  disposition  to  cling  as  a  film  to  the  surface  of  the  flask 
in  which  the  solution  is  boiled,  and  giving  it  the  appearance  of  being  corroded. 
The  titanic  acid  becomes  yellow  when  strongly  heated,  and  white  again  on  cooling ; 
it  does  not  dissolve  in  solution  of  potash  like  silica,  but  when  fused  with  potash  it 
forms  a  titanate,  which  is  decomposed  by  water  ;  the  acid  titanate  of  potash  which  is 
left  may  be  dissolved  in  hydrochloric  acid,  and  if  the  solution  be  neutralized  with 
carbonate  of  ammonia,  hydrated  titanic  acid  is  precipitated,  very  much  resembling 
alumina  in  appearance.  By  dissolving  the  gelatinous  hydrate  in  cold  hydrochloric 
acid,  and  dialyzing,  a  solution  of  titanic  acid  in  water  is  obtained,  which  is  liable  to 
gelatinize  spontaneously  if  it  contain  more  than  one  per  cent,  of  the  acid. 

1  Bronze  powder  is  also  made  by  powdering  finely  laminated  alloys  of  copper  and  zinc,  a  little  oil 
being  used  to  prevent  oxidation. 
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A  very  remarkable  compound  containing  tungstic  acid  and  soda  is  obtained  when 
bitungstate  of  soda  (Na2O.2WO3  4H2O)  is  fused  with  tin.  If  the  fused  mass  be 
treated  with  strong  potash,  to  remove  free  tungstic  acid,  washed  with  water,  and 
treated  with  hydrochloric  acid,  yellow  lustrous  cubical  crystals  are  obtained,  which 
are  remarkable  among  sodium  compounds  for  their  resistance  to  the  action  of  wator, 
of  alkalies,  and  of  all  acids  except  hydrofluoric.  The  composition  of  these  crystals 
appears  to  be  Na2O.WO2.2WO3. 

The  binoxide  of  tungsten  ( WO2)  appears  to  be  an  indifferent  oxide,  and  is  obtained 
by  reducing  tungstic  acid  with  hydrogen  at  a  low  red  heat,  when  it  forms  a  brown 
powder,  which  is  dissolved  by  boiling  in  solution  of  potash,  hydrogen  being  evolved, 
and  tungstate  of  potash  formed. 

Metallic  tungsten  is  obtained  by  reducing  tungstic  acid  with  charcoal  at  a  white 
heat,  as  an  iron-gray  infusible  metal  of  sp.  gr.  17.6,  very  hard,  not  affected  by  hydro- 
chloric or  diluted  sulphuric  acid,  but  converted  into  tungstic  acid  by  the  action  of 
nitric  acid.  When  tungsten  is  dissolved  in  about  ten  times  its  weight  of  fused  steel, 
it  forms  an  extremely  hard  alloy. 

When  tungsten  is  heated  in  chlorine,  the  tungstic  chloride  (WC16)  sublimes  in 
bronze-colored  needles,  which  are  decomposed  by  water.  When  gently  heated  in 
hydrogen,  it  is  converted  into  the  tetrachloride  (WC14),  but  if  its  vapor  be  mixed 
with  hydrogen  and  passed  through  a  glass  tube  heated  to  redness,  metallic  tungsten 
is  obtained  in  a  form  in  which  it  is  not  dissolved  even  by  aqua  regia,  though  it  may 
be  converted  into  tungstate  of  potash  by  hypochlorite  of  potash  mixed  with  potash 
in  excess. 

Bisulphide  of  tungsten  ( WS2)  is  a  black  crystalline  substance  resembling  plumbago, 
obtained  by  heating  a  mixture  of  bitungstate  of  potash  with  sulphur,  and  washing 
with  hot  water.  Tersulphide  of  tungsten  (WS3)  is  a  sulphur  acid,  obtainable  as  a 
brown  precipitate  by  dissolving  tungstic  acid  in  an  alkaline  sulphide,  and  precipi- 
tating by  an  acid. 

286.  MOLYBDENUM  (Mo  =  96)  derives  its  name  from  uohvftdaiva,  lead,  on  account 
of  the  resemblance  of  its  chief  ore,  molybdena,  to  black  lead.  Molybdena  is  the  bisul- 
phide of  molybdenum  (MoS2),  and  is  found  chiefly  in  Bohemia  and  Sweden;  it  may 
be  recognized  by  its  remarkable  similarity  to  plumbago,  and  by  its  giving  a  blue  solu- 
tion when  boiled  with  strong  sulphuric  acid.  It  is  chiefly  employed  for  the  prepara- 
tion of  molybdate  of  ammonia,  which  is  used  in  testing  for  phosphoric  acid.  For  this 
purpose  the  bisulphide  of  molybdenum  is  roasted  in  air  at  a  dull  red  heat,  when 
sulphurous  acid  is  evolved,  and  molybdic  acid  (MoO?)  mixed  with  oxide  of  iron  is 
left.  The  residue  is  digested  with  strong  ammonia,  which  dissolves  the  molybdic  acid 
in  the  form  of  molybdate  of  ammonia,  obtainable  in  prismatic  crystals  on  evaporation. 
When  a  solution  of  molybdate  of  ammonia  is  added  to  a  phosphate  dissolved  in 
diluted  nitric  acid,  a  yellow  precipitate  of  phosphomolybdate  of  ammonia  is  produced, 
which  contains  molybdic  and  phosphoric  acids  combined  with  ammonia,  by  the 
formation  of  which  very  minute  quantities  of  phosphoric  acid  can  be  detected.  If 
hydrochloric  acid  be  added  in  small  quantity  to  a  strong  solution  of  molybdate  of 
ammonia,  the  molybdic  acid  is  precipitated,  but  it  is  dissolved  by  an  excess  of  hydro- 
chloric acid,  and  if  the  solution  be  dialyzed,  the  molybdic  acid  is  obtained  in  the 
form  of  an  aqueous  solution,  which  reddens  blue  litmus,  has  an  astringent  taste,  and 
leaves  a  soluble  gum-like  residue  when  evaporated.  Molybdic  acid  fuses  at  a  red 
heat  to  a  yellow  glass,  and  may  be  sublimed  in  a  current  of  air  in  shining  needles. 
In  contact  with  diluted  hydrochloric  acid  and  metallic  zinc,  it  is  converted  into  a 
blue  compound  of  molybdic  acid  with  binoxideof  molybdenum  (MoO().4MoO3)  which 
is  soluble  in  water,  but  is  precipitated  on  adding  a  saline  solution.  Molybdate  < 
(  PbO.  MoO3)  is  found  as  a  yellow  crystalline  mineral.  The  binoxide  of  molybi: 
(MoO.J  is  basic,  and  forms  dark  red-brown  salts.  Protoxide  of  molybdenum  (MoO) 
is  obtained  by  adding  an  alkali  to  the  solution  resulting  from  the  prolonged  action 
of  zinc  upon  a  hydrochloric  solution  of  molybdic  acid.  It  is  a  basic  oxide  which 
absorbs  oxygen  from  the  air. 

Metallic  molybdenum  is  obtained  by  reducing  molybdic  acid  with  charcoal  at  a 
white  heat,  as  a  white  metal,  fusible  with  difficulty,  unacted  upon  by  hydrochloric 
and  diluted  sulphuric  acids,  but  converted  into  molybdic  acid  by  boiling  with  nitric 
acid.  _  It  is  rather  a  light  metal,  its  specific  gravity  being  8.62.  When  heated  in 
chlorine  it  yields  tetrachloride  of  molybdenum  (MoCl4),  which  forms  a  red  vapor  and 
condenses  in  crystals  resembling  iodine,  soluble  in  water.  A  bichloride  (MoCl2)  is 
also  known.  The  tersulphide  (MoS3)  and  tetrasulphide  (MoSJ  of  molybdenum  are 
sulphur-acids. 

In  addition  to  the  natural  sources  of  molybdenum  above  mentioned,  there  may  be 


U'HM  NUM. 

1  molyUie  oeAr«  (an  impur<  ill.-ultly  fusible 

•  work*  in  tin  a  large  amount  •  >( 

•  '1  with  ir  cobalt,  and  nickel. 

287.  VANADIUM1  (V  =»  61.8)  was  ori  -covered  in  certain  S 

ore*,  but  iu  chief 

and  Chili.    Vanadic  acid  has  aUo  •  ti  sand- 

•tone  a-  tliiMia.  and  Alderloy  Edge  in  Cheshire.    By  treating  the  vanadiato 

' 


'Sim;  the  excess  of  aci-1  M.  and  wash  i 

I  with  water,  impure  vana>i  V/O§)  U  obtained,  whi« 

tied  by  dissolving  in  ammonia,  crystal  1  izin  Mate  of  ammonia,  and 

hi'Ht,  when  vanadic  acid  is  left  a*  a  reddUh-yll»w  fusible  solid, 
llir.es  on  cooling,  and  dissolves  spiirinirly  in  wut  w  solu- 

1  1  dissolve  in  hydrochloric  acid,  and  it  the  solution  )•••  tr<-ut>  . 
•ui-h  «>  bydrosolphai  •  H«*umesafine  blue  •  ! 

with  tincture  of  galls,  it  give*  an  intensely  black 

fluid,  whi.-h  forms  nn  ••xr.-ll.-nt  ink,  f-.r  it  is  not  bleached  by  arid*  (which  turn  it 
blue),  alkalies,  or  chl< 

1  1  u  in  itself  has  not  been  obtained.     Berzelius  endeavored  to  procur 
heating  vanadic  acid  with  pota-ium.  but  Roscoe,  who  has  carefully  investigated  the 
vanadii  aids,  has  shown  that  the  apparently  metallic  powder  thus  obtained 

U  really  an  oxide  (V,O,). 

:  respond  in  composition  to  those  of  nitrogen  (omitting 
\   «  >,  is  a  basic  oxide,  forming  salts  which  give  lav. 

these  absorb  oxygen  rapidly  from  the  air,  and  act  as  powerful  reducing  agenU. 
V,(),  is  a  black  crystalline  body  resembling  plumbago,  and  capable  of  minim  -tim; 
electricity,  obtain.  .  I  |,\  I..  :itmi:  vnninlic  m-id  in  u  a  basic 

1  >,  is  heated  in  air  ;  it  also  \  u  base, 

„'  blufl  salt*.      Vaiiudiu  ni-id,  V/  >v  form-  purj.!- 
the  above  oxides.     Thf  y«-ll.»w  fuming  li.juid,  t'..rni.-ri\ 
is  r.-Hlly  «n  ..vyhluri.!.-;  VlX'l,     Tht-..x\vl,. 
also  been  obtained.     There  are  two  compounds  of  vanadium  with  V  N  and 

It  will  be  r  position  ••< 

nects  this  metal  with  nitrogen,  phosphorus,  and  arson 

288.   A  Nb  =  94)  <:  .illed  columbium}  has  been  obtained 

fare  dark-gray  hard  crystalline  mineral  known  as  columbUe,  occurring  in  Massa- 
chusetts.  This  mineral  contains  niobic  acid  (NbO,)  combined  with  the  oxides  of  iron 
and  manganese. 

acid  is  extracted  by  a  laborious  process,  and  forms  a  white  powder 
spiiruiLrly  .-olubli-  in  In  u-id.    Niobium  itself  has  been  obtained  as  a  black 

iihlc  in  nitric  acid  and  in  aqua  regia,  but  dissolved  by  a  mixture  of 
nitric  and  hyi)r<>Hu<>ric  acids. 

'•/m,  f-'itiK-rly  believed  to  be  identical  with  niobium,  occurs  in  the  t< 
of  Sweden,  which  contain  tantalic  acid  (TaO,),J  resembling 

Niobium  and  tantalum  have  recently  been  found  to  the  amount  of  2  or  3  p. 
in  the  tin  ore  of  Montebras. 

ri.  \TI\IM. 

Pt  ==  197  1  parts  by  w  -iijht 

289.   IMatiinuii  (/•  -     iiii»h  iliininut:  t'-mml 

iiirtallir   st:it,-,  ilMrilmtril    in    M.-itt.  i\\   alluvial 

depoeiU  similar  to  those  in  which  gold  is  t<>iin<l  .  in-l.-.-i.  ti 
are  generally  accoinpan  i«  .  1  |,\-  izruins  <»r  -..M.  :ni<l 

rare    metals    only    t<>nti<l    in    |>l:ilintiu  •:ill:i'liu:n.    iri'liiiin. 

MI.  rlio'lium.  :ui'l  finli,  -11111111.      liiisKiii  fun  !|l'l''.v 

iiititirN  :n 
1 

•:il.l«-   fi.nn   i-   : 


•  Tm,i  V  amirding  to  more  n-cent  expcrtSMBla. 
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a  chemical  than  a  metallurgic  operation.  The  ore,  containing  the  grains 
of  platinum  and  the  associated  metals,  is  heated  with  a  dilute  mixture 
of  hydrochloric  and  nitric  acids  by  which  the  platinum  is  converted  into 
perchloride  of  platinum  (PtCl4)  and  dissolved,  whilst  the  iridium  and 
osmium  are  left  in  the  residue.  The  solution  is  then  mixed  with  some 
chloride  of  ammonium,  which  combines  with  the  perchloride  of  platinum 
to  form  a  yellow  insoluble  salt  (ammonio-chloride  of  platinum, 
2(NH3.HCl).PtCl4).  This  precipitate  is  collected,  washed,  and  heated 
to  redness,  when  all  its  constituents,  except  the  platinum,  are  expelled 
in  the  form  of  gas,  that  metal  being  left  in  the  peculiar  porous  condition 
in  which  it  is  known  as  spongy  platinum.  To  convert  this  into  compact 
platinum  is  by  no  means  an  easy  task,  on  account  of  the  infusibility  of 
the  metal,  for  it  remains  solid  at  the  very  highest  temperatures  of  our 
furnaces.  The  spongy  platinum  is  finely  powdered  in  a  wooden  mortar 
(as  it  would  cohere  into  metallic  spangles  in  one  of  a  harder  material) 
and  rubbed  to  a  paste  with  water  ;  this  paste  is  then  rubbed  through  a 
sieve  to  render  it  perfectly  smooth  and  uniform,  and  introduced  into  a 
cylinder  of  brass,  in  which  it  is  subjected  to  pressure,  so  as  to  squeeze 
out  the  water  and  cause  the  minute  particles  of  platinum  to  cohere  into 
a  somewhat  compact  disk ;  this  disk  is  then  heated  to  whiteness  and 
beaten  into  a  compact  metallic  ingot  by  a  heavy  hammer ;  it  is  then 
ready  for  forging. 

A  more  modern  process  for  obtaining  platinum  from  its  ores  is 
based  upon  the  tendenc}-  of  this  metal  to  dissolve  in  melted  lead.  The 
platinum  ore  is  fused  in  a  small  reverberatory  furnace,  with  an  equal 
weight  of  sulphide  of  lead  and  the  same  quantity  of  oxide  of  lead,  when 
the  sulphur  and  oxygen  escape  as  sulphurous  acid,  and  the  reduced  lead 
dissolves  the  platinum,  leaving  undissolved  a  very  heavy  alloy  of 
osmium  and  iridium  which  sinks  to  the  bottom.  The  upper  part  of  the 
alloy  of  lead  and  platinum  is  then  ladled  out  and  cupelled  (page  385), 
when  the  latter  metal  is  left  in  a  spongy  condition,  the  lead  being  re- 
moved in  the  form  of  oxide.  The  platinum  is  then  fused  by  the  aid  of 
the  oxyhydrogen  blowpipe,  in  a  furnace  made  of  lime  (Fig.  276), 
whence  it  is  poured  into  an  ingot  mould  made  of  gas-carbon.  The 
melted  platinum  absorbs  oxygen  mechanically  like  melted  silver,  and 
evolves  it  again  on  cooling  (see  page  386).  Platinum  articles  are  now 
frequently  made  from  the  fused  metal,  instead  of  from  that  which  has 
been  welded. 

Its  resistance  to  the  action  of  high  temperatures  and  of  most  chemical 
agents,  renders  platinum  of  the  greatest  service  in  chemical  operations. 
It  will  be  remembered  that  platinum  stills 
are  emplo}red,  even  on  the  large  scale,  for 
the  concentration  of  sulphuric  acid.  In  the 
form  of  basins,  small  crucibles,  foil,  and  wire, 
this  metal  is  indispensable  to  the  analytical 
chemist.  Unfortunately,  it  is  softer  than 
silver,  and  therefore  ill  adapted  for  wear, 
and  is  so  heavy  (sp.  gr.  21.5)  that  even  small 
vessels  must  be  made  very  thin  in  order  not 
to  be  too  heavy  for  a  delicate  balance.  Since 
it  expands  less  than  any  other  metal  when 
heated,  wires  of  platinum  may  be  sealed  into 
glass  without  danger  of  splitting  it  by  un- 
equal expansion.  Its  malleability  and  due 
tility  are  very  considerable,  so  that  it  is  easily  rolled  into  thin  foil  and 


FIG.  276. 
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drawn  into  lint-  wire-  ;  in  ductility  it  i-  -urpassed  only  by  i_r"ld  ami 

:ieh  in   d  inilr  of  which  (notwith- 

L'ravity  of  the  metal )  would  only  wri^h  a 
MiarkaMe  -  n  of  tin-  metal  was  efl«'< 

n   cylinder  of  silver   around  :i  very  thin  |il:itiniiin    win-  • 

rocess  of  wire  -I  i  a  win-  .  with  the 

platinum  wire  in  it-  was  itself  <1  raw  n  out   into  an  extremely  thin 

irti  the  platinum  core  would  have  become  \-.\\ >\\  thin. 

ami  when  the  silver  casing  was  dissolved  oil'  bv  nitric  acid,  thi-  minute 

filament  of  platinum  IMat inum  is  sometimes  empl<>\  ,.1  for  the 

of  io\\ii n ur. pieces  on  account  of  its  resistaiK  losion. 

A  littli-  iridinm  is  .sometimes  added  to  platinum  in  onl.-r  to  increase  its 

elasticity. 

The  remarkable  power  possessed   l>y  platinum,  of  in<liicin-_r  eln 
comliination  betwee:  .  and  oth.-r  -j:i-,.s.  h;i>  §] 

K\ en  thf  compact  metal  possesses  this  pro;  btMMlb] 

ing  a  piece  of  platinum-toil  to  redness  in  the  llame  of  a  gauze  gas-burner, 
rapidly  e\t  in-.nii>hin'_r  the  gas,  and  tnrninir  it  on  airain,  when   the  cold 

as  will  still  maintain  the  metal  at  a  red  heat,  in  con-' 
•id-iiiation  with  atmospheric  oxygen  at  the  surface  of  t  he  platinum. 
A  similar  experiment   ma\   l.e  made  !.\   su-»|» ending  a  coil  of  platinum 
wiie  in  the  flame  of  a  spirit-lamp  <  Ki^.  277),  and  suddenly 
l.lowing  out  the  flame  when  the  metal  is  intensely  h. 
the  wire  will  continue  to  glow  by  inducing  the  combina- 
tion of  the  spirit  vapor  with  oxygen  on  iN  sin 
siili-titnting  a  little  ball  of  spongy  platinum  for  the  coil 
it  inum  wire,  and  mixing  son  •••ntial  oil 

with  the  sjtirit,  an  elegant  pt-rfumini:  lamp  ha-  l.een  con- 
i.      I'pon  the  same  principle  an  instantaneous  li«;ht 
apparatus  has  been   made,  in   which  a  jet  of  I 
gas  is  kindled  liy  falling  u(x>n  a  fragment  . -f  e..;.i  -, 
platinum,  which  at  onre  ignites  it  l»y  inducing  its  combinat  i->n  with  the 
j.'ii  condensed   within  the  pores  of  the  metal.     Sp<'iiLr\  platimn 

,_r  th«-  an.  !o|-idc  of  pla- 

tinum  \  in  a  stream  of  coal-gas  or  hydrogen  as  long  as  any 

fume-  of  h \dnichloric  acid  are  evolved. 

itinum  l.e  precipitated  in  the  metallic  -late  from  a  solution,  it   is 
obtained    in   the   form  of  a  SOOt  :,  called    platinum-Mack,   which 

POSH  CHS.  <\\.r   of  promoting   combinat  ion    with   o\\'jen    in    the 

.      Tin-  form  of  platinum  may  be  obtained  b\  di--ol\ 

d    in  aqua  regia,  which  converts  it  into  perchloride  of  platinum 

orating  the   solution    to   dryne^s.  and    hcatini;  the  re-idue 

•ly  on  a  -and-bath   a-   lon^   as   it    sim-lU   >t  ron^ly  of  chlorine.      The 

ehl  I'tTl  )  th'.  -Ived  in  a  "lil- 

•  the  platinum-Mack  i-  , 
'.  wa-hed.  and  .Iried  at  a  gentle  h.-at. 

num  in  this  f(,rm  i-  capable  of  absorbing  s<>«  time-  it-,  voloi 
which   d  with  it.  Imt  i-  -imply 

-n  with  Of 

bodies.  D  allowed  to  pa--  - 

powd.-r  i-  kindle. i  n  into  a 

follows.       \ 
dr.  i  also  infla  n  allowed  to  fall  upon  a  little  ..f  the 
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powder.     Platinum-black  loses  its  activity  after  having  been  heated  to 
redness. 

Although  platinum  resists  the  action  of  hydrochloric  and  nitric  acids, 
unless  they  are  mixed,  and  is  unaffected  at  the  ordinary  temperature 
by  other  chemical  agents,  it  is  easily  attacked  at  high  temperatures  by 
phosphorus,  arsenic,  carbon,  boron,  silicon,  and  by  a  large  number  of 
the  metals  ;  the  caustic  alkalies  and  alkaline  earths  also  corrode  it,  so 
that  some  discretion  is  necessary  in  the  use  of  vessels  made  of  this 
costly  metal.  When  platinum  is  alloyed  with  10  parts  of  silver,  both 
metals  may  be  dissolved  by  nitric  acid. 

290.  Oxides  of  Platinum. — Only  one  compound  of  platinum  with 
oxygen  is  known  in  the  separate  state,  the  other  having  been  obtained 
in  combination  with  water.  The  protoxide,  PtO  (platinous  oxide),  is 
precipitated  as  a  black  hydrate  by  decomposing  the  protochloride  with 
potash,  and  neutralizing  the  solution  with  dilute  sulphuric  acid.  It  is 
a  feeble  base,  and  decomposes  when  heated,  leaving  metallic  platinum. 
Binoxide  of  platinum,  PtO2  (platinic  oxide},  is  also  a  weak  base,  but 
occasionally  plays  the  part  of  an  acid,  whence  it  is  sometimes  termed 
platinic  acid.  Platinate  of  soda  (Na.2O.3PtO.,.6Aq.)  maybe  crystallized 
from  a  solution  of  the  hydrated  binoxide  in  soda.  Platinate  of  lime  is 
convenient  for  the  separation  of  platinum  from  indium,  which  is  gener- 
ally contained  in  the  commercial  metal ;  for  this  purpose  the  platinum 
is  dissolved  in  nitre-hydrochloric  acid,  the  solution  evaporated  till  it 
solidifies  on  cooling,  the  mixed  chlorides  of  iridium  and  platinum  dis- 
solved in  water,  and  decomposed  with  an  excess  of  lime  without  exposure 
to  lifjht ;  the  platinum  then  passes  into  solution  as  platinate  of  lime,  and 
the  platinic  acid  may  be  separated  from  the  filtered  solution,  though  still 
in  combination  with  lime,  by  exposure  to  light.  Acids  dissolve  binoxide 
of  platinum,  forming  salts  of  a  brown  color,  which  have  not  been  crys- 
tallized. If  binoxide  of  platinum  be  dissolved  in  diluted  sulphuric  acid 
and  the  solution  mixed  with  excess  of  ammonia,  a  black  precipitate  of 
fulminating  platinum  is  obtained,  which  detonates  violently  at  about 
400°  F.  This  compound  is  said  to  have  a  composition  corresponding  to 
the  formula  NsH2Ptlv.4H,O,  or  a  combination  of  water  with  a  double 
molecule  of  ammonia  (X.,H(i),  in  which  four  atoms  of  hydrogen  are  re- 
placed by  one  atom  of  tetr atomic  platinum. 

Chlorides  of  Platinum. — The  perchloride,  or  platinic  chloride  (PtClJ, 
is  the  most  useful  salt  of  the  metal,  and  may  be  prepared  by  dissolving 
scraps  of  platinum-foil  in  a  mixture  of  four  measures  of  hydrochloric 
acid  with  one  of  nitric  acid  (100  grains  of  platinum  require  2  measured 
ounces  of  hydrochloric  acid),  evaporating  the  liquid  at  a  gentle  heat  to 
the  consistence  of  a  syrup,  redissolving  in  hydrochloric  acid,  and  again 
evaporating  to  expel  excess  of  nitric  acid.  The  syrupy  liquid  solidifies 
on  cooling  to  a  red-brown  mass,  which  is  very  deliquescent,  and  dis- 
solves easily  in  water  or  alcohol  to  a  red-brown  solution.  If  the  con- 
centrated solution  be  allowed  to  cool  before  all  the  free  hydrochloric  acid 
has  been  expelled,  long  brown  prismatic  crystals  of  a  combination  of  the 
pv-rchloride  with  hydrochloric  acid  are  obtained  (PtCl4.2HC1.0Aq.)  The 
perchloride  of  platinum  is  remarkable  for  its  disposition  to  form  sparingly 
soluble  double  chlorides  with  the  chlorides  of  the  alkali  metals  and  the 
hydrochlorates  of  organic  bases,  a  property  of  great  value  to  the  chemist 
in  effecting  the  detection  and  separation  of  these  bodies. 

A  good  example  of  this  has  lately  been  afforded  in  the  separation  of 
potassium,  rubidium,  and  caesium.  The  chlorides  of  these  three  metals 
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having  been  separated   fn.in  tin-  vari«.u-  in  t  lu- 

ll   water  in  \\liich  i  .  •  .  ipitaled    with  perchlo: 

im,  which  fbriM  oomoftBitioiii  with  all  tin*  tin-.-*-  chloride-.    The 

ii  is  more  easily  dissolved   l.y  l»»iliii!_' 
I'idium  :tn<l  ea-sium.  Mii-1  i-  rejii"\od  l.y  l.oiliiu 
with  -mall  portion-  of  water  as  li.ni:  :»s  '  'ires  a 

Yeii..w  color.    The  remainini:  plfttiBO-ehk>iid«t  of  robidioB  and  a 

current  of  hydrogen,  which  redooai  the  platinum  to 

'allic  state,  and  tin-  chloride*  may  then  be  ex  ,    water,  in 

whi.-h  the\   an-  \  er\    x.lul.h-. 

•jKri.PM'lJ  forms  minute  yellowocta- 

hiMhal  ri  \  -.tal-  ;  th<>-c  <>t   riihidiiun  and  CR'sitim  have  a  similar  composi- 
tion '.-illiiu-  1'nnn. 

/'In*  'liiliM's  from  these  in  1-  -oluMr  in 

water  and  :il«-.,h..l  :  it  m-.  -alii/..-.  I  in  Imii;  n-il  prisms,  having  the 

N   I    .i-     .    Lq.) 

nf  i>l<iti'  -I!  .Ih  '1  .!'  M  been  al: 

noticed  as  the  f»nn  in  which  platinum  is  precipitated    in  order  t» 
rate  it   from  other  metals.     It  crystallizes,  like  the  potassium-salt,  in 
yt  II-  .wodalie.  Ira,  which  are  very  sparingly  soluble  in  water  ami  in-olnble 
in  :ilc«.li«,l.     It  is  the   form    into   which  nitrogen  is  final!  <•'!   in 

ii  order  to  determine  its  weight.     When  heate.l  to  r, 
this  salt  leaves  n  residue  of  spongy  platinum.     The  peivhlonde  of  pla- 
tinum is  sometimes  used  for  browning  gun-barrels,  A    .  under  the  name 
'••  » 


Protochloride  of   Platinum  or   Plntinont  Chloride  (Pt(  1     —  Tli«-   {..  r.  !>!  .ride  of 
plntiniitn  iiiny  l»«-  '  P,  without 

tur«-  it  evolves  chlorine,  and  is  slowly  converted  into  the  protoohloriil'-.  uliiili  is 
1,  at  H  much  hi^hi-r  t.'iii|.«-ri»tu!  .'tnHic  statf.      Plutinoii-i  rlil«.ri«ln 


forms  »  ->n  powder,  whi«'  Me  fa  water  and  in  ail  i-huric 

'•at  dissolves   in   hot   hy<1r«K-|)l,,ric  »«-id,  nn«l   in   Mthni 

tin-  loriinT  u  bright  •  lntt«-r  a  very  dark  brown-- 

i  ition  in  hydr.K-hl-.ric  nci.l  i>  not  |.ri-«-ij.itiit«-«l  by  rhlori.h-  ,if  pota-.-iutn.  but  a 

soluble  double  chlori.1-  '\t)  may  bo  cry-talli/.fd  from  the  liquid.      If  by«ln.- 

chlorntc  <>f  iitntnonia  be  add-  hloric  -olution,  a  double  salt  ••' 

.low  crystals  by  evaporation.     If.  iMtmd  <>f  bydroohlorate  of  ammonia, 
free  ammonia  be  added  in  excess  to  the  boiling  solution 
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N,H4Pt//.H2O,  and  may  be  regarded  as  a  compound  of  water  with  a  double  molecule 
of" ammonia  (N2H6),  in  which  one-third  of  the  hydrogen  is  replaced  by  platinum. 
This  substance  is  also  a  base,  and  forms  salts,  most  of  which  are  insoluble ;  the  sul- 


Tne  nyarocMorate  oj  piatosamine,  (iN2M4rt.zjdiuij  is  is  c  wur 

Magnus,  and  may  be  obtained  from  that  compound  by  dissolving  it  in  a  hot  solution 

of  sulphate  of  ammonia,  from  which  it  crystallizes  on  cooling.1 

If  the  hydrochlorate  of  piatosamine,  suspended  in  boiling  water,  be  treated  with 
chlorine,  it  is  converted  into  hydrochlorate  of  platinamine,  N2H2Ptiv.4HCl,  which 
may  be  represented  as  the  hydrochlorate  of  ammonia,  in  which  4  atoms  of  hydro- 
gen have  been  replaced  by  1  atom  of  platinum  in  the  condition  in  which  it  ex- 
ists in  the  perchloride  (PtCl4),  where  it  is  equivalent  to  H4.  The  conversion  of  the 
hydrochlorate  of  piatosamine  into  hydrochlorate  of  platinamine  may  be  represented 
by  the  equation,  N2H4Pt.2HCl  +  C12  =  N2H2Pt.4HCl.  By  boiling  the  hydro- 
chlorate  of  platinamine  with  nitrate  of  silver,  it  is  converted  into  nitrate  of  platina- 
mine N2H2Pt(HNO3)4,  and  when  this  is  dissolved  in  boiling  water  and  decomposed  by 
ammonia,  the  hydrate  of  platinamine  (N2H2Pt,4H2O)  is  obtained  in  yellow  prismatic 
crystals,  having  the  same  composition  as  that  assigned  to  fulminating  platinum. 

Several  other  platinum  compounds  derived  from  ammonia  have  been  obtained,  but 
cannot  at  present  be  so  conveniently  classified.  The  following  table  exhibits  the 
composition  of  those  here  enumerated,  the  platinum  as  it  exists  in  platinous  chloride 
(PtCl2)  occupying  the  place  of  2  atoms  of  hydrogen,  being  represented  by  Ptx/,  and 
the  platinum  as  it  exists  in  platinic  chloride  (PtCl4)  occupying  the  place  of  4  atoms 
of  hydrogen,  by  Ptiv : 

Hydrate  of  piatosamine,      .  .  .  N2H4Ptx/.H2O 

Hydrochlorate  of  piatosamine,  .  .  N2H4Pt".'2HCl 

Sulphate  of  piatosamine,     .  .  .  N2H4Pt//.H2O.SO3.Aq. 

Hydrate  of  platinamine,     .  .  .  N2H2Pt*.4H2O 

Hydrochlorate  of  platinamine,  .  .  N2H2Pti7.4HCl 

Hydrate  of  diplatosamine,  .  .  N4H10Pt".2H2O 

Hydrochlorate  of  diplatosamine,  .  N4H10Pt".2HCl.Aq. 

Sulphate  of  diplatosamine,  .  .  N4H10Pt//.HtO.SOt. 

Some  of  the  salts  of  diplatinamine  (N4H8Ptiv)  have  been  obtained,  this  base  being 
derived  from  4  molecules  of  ammonia  in  which  H4  have  been  replaced  by  Ptiv. 

The  sulphides  of  platinum  correspond  in  composition  to  the  oxides  and  chlorides, 
and  may  be  obtained  by  the  action  of  hydrosulphuric  acid  upon  the  respective  chlo- 
rides, as  black  precipitates. 

291.  PALLADIUM  (Pd  =  106.5)  is  found  in  small  quantity  associated  with  native 
gold  and  platinum.  It  presents  a  great  general  resemblance  to  platinum,  but  is  dis- 
tinguished from  it  by  being  far  more  easily  oxidized,  and  by  its  special  attraction  for 
cyanogen,  with  which  it  forms  an  insoluble  compound.  This  circumstance  is  taken 
advantage  of  in  separating  palladium  from  the  platinum  ores,  for  which  purpose  the 
solution  from  which  the  greater  part  of  the  platinum  has  been  precipitated  by  hydro- 
chlorate  of  ammonia  (p.  423)  is  neutralized  with  carbonate  of  soda,  and  mixed  with 
solution  of  cyanide  of  mercury  Hg(CN)2,  when  a  yellowish  precipitate  of  cyanide  of 
palladium  is  obtained,  yielding  spongy  palladium  when  heated,  which  may  be  welded 
into  a  compact  form  in  the  same  manner  as  platinum.  When  alloyed  with  native 
gold,  palladium  is  separated  by  fusing  the  alloy  with  silver,  and  boiling  it  with  nitric 
acid,  which  leaves  the  gold  undissolved.  The  silver  is  precipitated  from  the  solu- 
tion as  chloride  by  adding  chloride  of  sodium,  and  metallic  zinc  is  placed  in  the 
liquid,  which  precipitates  the  palladium,  lead,  and  copper,  as  a  black  powder.  This 
is  dissolved  in  nitric  acid,  and  the  solution  mixed  with  an  excess  of  ammonia,  whk-h 
precipitates  the  oxide  of  lead,  leaving  the  copper  and  palladium  in  solution.  On 
adding  hydrochloric  acid  in  slight  excess,  a  yellow  precipitate  of  hydrochlorate  of 
palladamine  (N2H4Pd,2HCl)  is  obtained,  which  leaves  metallic  palladium  when 
heated. 

Palladium  is  harder  than  platinum  and  much  lighter  (sp.  gr.  11.5) ;  it  is  malleable 

1  The  salts  of  diplatosamine  are  distinguished  from  those  of  piatosamine  by  the  action  of  nitrous 
acid,  which  gives  a  fine  blue  or  green  precipitate  or  coloration  with  the  former. 

For  the  cause  of  this  change,  and  for  many  other  interesting  points  in  the  history  of  these  platinum 
compounds,  the  reader  is  referred  to  the  elaborate  and  accurate  memoir  by  Hadow  (Journal  of  tho 
Chemical  Society,  August,  1866). 


RHODIUM  —  OSMIUM. 

and  ductile  like  that  metal,  and  somewha  ho  melted 

in  HM  ordinary  furn:>  men 

regains  it*  whitene** 

..•dift»olve<l 

•<••.'•  ...\  .-.I   in  ana!\  •-• 

lid«-,,  in  the  l"<>rm  of  I. 

Palladium.  •-  hardness,  lightness,  and  resistance  t 
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..!••  "f  rhodium  and  so<lium  i«left  undissolvedasa  red  powder.     By  be 
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which  is  being  coined,  it  often  seriously  injures  the  die.  When  the  platinum  ore 
is  treated  with  aqua  regia,  this  alloy  is  left  undissolved,  together  with  grains  of 
chrome-iron  ore  and  titanic  iron.  To  extract  the  osmium  from  this  residue,  it  is 
heated  in  a  porcelain  tube  through  which  a  current  of  dry  air  is  passed,  when  the 
osmium  is  converted  into  osmic  acid,  the  vapor  of  which' is  carried  forward  by  the 
current  of  air  and  condensed  in  bottles  provided  to  receive  it.  The  osmic  add  forma 
colorless  prismatic  crystals  which  fuse  and  volatilize  below  the  boiling-point  of 
water,  yielding  a  most  irritating  vapor  resembling  chlorine.  It  is  very  soluble  in 
water,  giving  a  solution  which  exales  the  odor  of  the  acid  and  stains  the  skin 
black;  tincture  of  galls  gives  a  blue  precipitate  with  the  solution.  Its  acid  properties 
are  feeble,  for  it  neither  reddens  litmus  nor  decomposes  the  carbonates,  and  its  salts 
are  decomposed  by  boiling  their  solutions.  By  adding  hydrosulphuric  acid  to  a 
solution  of  osmic  acid,  the  tetrasulphide  of  osmium  (OsS4)"  is  obtained  as  a  black 
precipitate,  and  if  this  be  carefully  dried  and  heated  in  a  crucible  made  of  gas-carbon, 
metallic  osmium  is  obtained  as  a  brittle  mass  (sp  gr.  21.4),  which  is  not  fused  even 
by  the  oxyhydrogen  blowpipe,  and  is  notsolublein  acids.  "When  obtained  by  other 
processes  in  a  finely  divided  state,  osmium  oxidizes  even  at  the  ordinary  temperature, 
and  emits  the  odor  of  osmic  acid.  In  this  state,  also,  it  may  be  dissolved  by  nitric 
acid,  which  converts  it  into  osmic  acid. 

By  dissolving  osmic  acid  in' potash  and  adding  alcohol,  the  latter  is  oxidized  at 
the  expense  of  the  osmic  acid,  and  rose-colored  octahedral  crystals  of  osmite  of  potash 
(K.2O.OsO3,  2Aq  )  are  obtained  ;  the  osmious  acid  has  not  been  isolated.  A  protoxide 
and  a  binoxide  of  osmium  have  been  obtained. 

Osmium  appears  to  form  four  chlorides — bichloride  (OsCl2),  terchloride  (OsCl3), 
tetrachloride  (OsCl4),  and  hexachloride  (OsCl6).  The  bichloride  and  tetrachloride 
are  formed  by  the  direct  combination  of  chlorine  with  osmium  ;  the  former  sublimes 
in  green  needles,  which  yield  a  blue  solution  in  water,  soon  absorbing  oxygen  from 
the  air  and  becoming  converted  into  tetrachloride.  By  heating  a  mixture  of  pul- 
verulent osmium  with  chloride  of  potassium  in  a  current  of  chlorine,  a  double  chlo- 
ride of  osmium  and  potassium  (2KC1,  OsCl4)  is  obtained,  which  is  sparingly  soluble, 
and  crystallizes  in  octahedra  like  the  corresponding  salt  of  platinum.  When  de- 
composed with  nitrate  of  silver  it  gives  a  dark-green  precipitate  (2AgCl,  OsCl4). 

294.  KUTHENIUM  (Ru==  104.2).' — In  the  process  for  extracting  osmium  from  the 
residue  left  on  treating  the  platinum  ore  with  aqua  regia,  by  heating  in  a  current  of 
air,  square  prismatic  crystals  of  binoxide  of  ruthenium  (RuO2)  are  deposited,  nearer 
to  the  heated  portion  of  the  tube  than  the  osmic  acid,  for  the  binoxide  is  not  itself 
volatile,  being  only  carried  forward  mechanically  in  company  with  the  osmic  acid. 
When  binoxide  of  ruthenium  is  heated  in  hydrogen,  metallic  ruthenium  is  obtained 
as  a  hard,  brittle,  almost  infusible  metal,  which  is  scarce!}'  affected  even  by  aqua 
regia.     The  protoxide  of  ruthenium  (RuO)  is  a  dark-gray  powder  insoluble  in  acids. 
The  sesquioxide  (Ru2O3)  and  the  binoxide  (Ru02)  have  feebly  basic  properties.     The 
sesquioxide  is  not  decomposed  by  heat.     The  anhydrous  binoxide  is  a  greenish-blue 
powder.     Ruthenic  acid  (RuO3)  is  known  only  in  combination  with  bases. 

295.  IRIDIUM  (Ir  =  197.1),  named  from  Iris,  the  rainbow,  in  allusion  to  the  varied 
colors  of  its  compounds,  has  been  mentioned  above  as  occurring  in  the   insoluble 
alloy  from  the  platinum  ores.     It  is  also  sometimes  found  separately,  and  occasion- 
ally alloyed  with  platinum,  the   alloy  crystallizing  in   octahedra,  which  are  even 
heavier  than  platinum  (sp.  gr.  22.3).     If  the  insoluble  osmiridium  alloy  left  by  aqua 
regia  be  mixed  with  common  salt  and  heated  in  a  current  of  chlorine,  a  mixture  of 
the  sodio-chlorides  of  the  metals  is  obtained,  and  may  be  extracted  by  boiling  water. 
If  the  solution  be  evaporated  and  distilled  with  nitric  acid,  the  osmium  is  distilled 
off  as  osmic  acid,  and  by  adding  chloride  of  ammonium  to  the  residual  solution,  the 
iridium  is  precipitated  as  a  dark  red-brown  ammonio-chloride  ((2NH3,  HC1),  IrCl4) 
which  leaves  metallic  iridium  when  heated.     Like  platinum,  it  then  forms  a  gray 
spongy  mass,  but  is  oxidized  when  heated  in  air,  and  may  be  fused  with  the  oxyhy- 
drogen blowpipe  to  a  hard  brittle  mass  (sp.  gr.  21.2),  which  does  not  oxidize  in  air. 
Like  rhodium  it  is  not  attacked  by  aqua  regia  1  unless  alloyed  with  platinum.     The 
product  of  the  oxidation  of  finely  divided  indium  in  air  is  the  sesquioxide  (lr2O3), 
which  is  a  black  powder  used  for  imparting  an  intense  black  to  porcelain  ;  it  is  in- 
soluble in   acids.     The  protoxide  (IrO)  is   also  more   easily  acted  upon  by  alkalies 
than  by  acids;  its  solution  in  potash  becomes  blue  when  exposed  to  air,  from  the 

1  A  new  mineral  found  in  Borneo,  and  named  laurite,  contains  sulphides  of  ruthenium  and  osmium. 
It  forms  small  lustrous  granules. 
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ifhloride  dr('\t)  of  iridium  resemble  the  corresponding  chl 
in  forming  double  salts* 
the  solution  of  which  has  a  green  color,  and  gives  a  yellow  |>r<"-ipitat> 

.  and  a  blue  precipitate,  toon  becoming  white,  with   nilrnte  of  silver. 
11  resembles  palladium  in  it.*  disposition  to  combine  with  carbon  when  heated 
in  the  flame  of  a  spirit-lamp. 

296.  The  following  table  exhibit*  a  general  view  of  the  analytical  process  by  which 
the  remarkable  metals  associated  in  the  ores  of  platinum  may  be  separut 

nutting  the  minor  details  which  are  requisite  to  insure  the  purity  of  each 
metal. 

Analysis  of  the  Ore  of  Platinum. 
Boil  with  a  qua  regia. 
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The  group  of  platinoid  metals  exhibits  some  very  remarkable  fentures,  and 
be  regretted  that  this  group  is  comparativ.lv  Imperil  .•«  of 

the  difficulty  and  expt-nsc  »tt.-ii«lmit  upon  the  puritirntion  of  the  inctitN.      It>  n 
bers  may  be  arranged  in  two  divisions,  the  metals  in  each  agreeing  close  1  \ 
atomic  weights  and  specific  gravities. 


Platinum, 
Osmium, 
ira, 


At. .in,,    w.u-l.t.  -j,    irr 

.     197.1  21.6 

1  21.4 

197.1  21.2 


Palladium,  . 

mi. 
nium, 


.      106.6  11.4 

.     1048  1-J.l 

104.2  111 


Through  osmium,  this  group  of  elements  is  connected  with  the  group  containing 

rsenic,  and  i>ti".|, horns,  which   osmium   n^i-inhle*  in  the   : 
whi<-h  it  is  oxidized,  ana  in  th*>  volntili:  1       IViil-rlnim  . 

it  with  IIP  r--.,ry  and  -ilver,  by  its  solubility  in  nitru-  at  ul.  and  it-  -|,.ci:il  av 
vanogen  and  iodine. 

GOLD. 

Au  =  196.6  parts  by  weight. 

Gold  U  one  of  those  few  rn.-tnU  which  are  always  found  in  tin- 
metallic  state,  an  I  i^  r.-m:irk:il.lr  fur  the  c\t«-nt  to  \\hi.-h  it  i*  ,li>t rilmtrd. 
though  in  nmall  «|ii:int  n  u--.  <>\  ,-\-  \  u  t  h.  Tin-  |>i  incipal 

•in    Australia,  (':il 

•  u.  ami  tin*   I'ralian   .Mountain.,.      Small   «|iiani  it  !«•«.    ha\«-    l.c.-n 
OCCASionai.  "\\n     i>land-.  I'arti.-u 

Ca«l'  nnl.  and   in  <  'ornwall. 

•ii..di-  ul'  '  "t"  -oM  in  tli.-  niinnal  kin_"|..iu  rf-nnhlrs 

•-I' t  in.  l'»r  it   !•-  »-it  in-r  found  dissrniiiiattd  in  t  hr  primitivt- 

•  T  in  allnx  inl  -t'  >and.  \\hi<-h  a|>|,,-ar  t»  In  bfOMd 

ii  ..r  th«M-  p-  .••mtinin-  of  tor- 
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rents.  In  the  former  case,  the  gold  is  often  found  crystallized  in  cubes 
and  octahedra,  or  in  forms  derived  from  these,  and  sometimes  aggregated 
together  in  dendritic  or  branch-like  forms.  In  the  alluvial  deposits,  the 
gold  is  usually  found  in  small  scales  (gold-dust),  but  sometimes  in  masses 
of  considerable  size  (nuggets),  the  rounded  appearance  of  which  indi- 
cates that  they  have  been  subjected  to  attrition. 

The  extraction  of  the  particles  of  gold  from  the  alluvial  sands  is  effected 
by  taking  advantage  of  the  high  specific  gravity  of  the  metal  (19.3), 
which  causes  it  to  remain  behind,  whilst  the  sand,  which  is  very  much 
lighter  (sp.  gr.  2.6),  is  carried  away  by  water.  This  washing  is  com- 
monly performed  by  hand,  in  wooden  or  metal  bowls,  in  which  the  sand 
is  shaken  up  with  water,  and  the  lighter  portions  dexterously  poured 
off,  so  as  to  leave  the  grains  of  gold  at  the  bottom  of  the  vessel.  On  a 
somewhat  larger  scale,  the  auriferous  sand  is  washed  in  a  cradle  or  in- 
clined wooden  trough,  furnished  with  rockers,  and  with  an  opening  at 
the  lower  end  for  the  escape  of  the  water.  The  sand  is  thrown  on  to  a 
grating  at  the  head  of  the  cradle,  which  retains  the  large  pebbles,  whilst 
the  sand  and  gold  pass  through,  the  former  being  washed  away  by  a 
stream  of  water  which  is  kept  flowing  through  the  trough. 

When  the  gold  is  disseminated  through  masses  of  quartz  or  other 
rock,  much  labor  is  expended  in  crushing  the  latter  before  the  gold  can 
be  separated.  This  is  effected  either  by  passing  the  coarse  fragments 
between  heavy  rollers  of  hard  cast  iron,  or  by  stamping  them,  with 
wooden  beams  shod  with  iron,  in  troughs  through  which  water  is  kept 
continually  flowing. 

In  some  cases  it  is  found  advantageous  to  smelt  the  ore  by  fusing  it 
with  some  substance  capable  of  uniting  with  the  gold,  and  of  being 
afterwards  readily  separated  from  it.  Lead  is  peculiarly  adapted  for 
this  purpose  ;  the  crushed  ore,  being  mixed  with  a  suitable  proportion, 
either  of  metallic  lead,  or  of  litharge  (oxide  of  lead)  and  charcoal,  or 
even  of  galena  (sulphide  of  lead),  together  with  some  lime  and  oxide  of 
iron  or  clay,  to  flux  the  silica,  is  fused  on  the  hearth  of  a  reverberatory 
furnace,  when  the  fused  lead  dissolves  the  particles  of  gold,  and  collects 
beneath  the  lighter  slag.  The  lead  is  afterwards  separated  from  the 
gold  by  cupellation  (see  p.  385). 

In  smelting  the  ores  of  gold  in  Hungary,  the  metal  is  concentrated  by 
means  of  sulphide  of  iron.  The  ore  consists  of  quartz  and  iron  pyrites 
(bisulphide  of  iron)  containing  a  little  gold.  On  fusing  the  crushed  ore 
with  lime,  to  flux  the  quartz,  the  pyrites  loses  half  its  sulphur,  and  be- 
comes sulphide  of  iron  (FeS),  which  fuses  and  sinks  below  the  slag, 
carrying  with  it  the  whole  of  the  gold.  If  this  product  be  roasted  so  as 
to  convert  the  iron  into  oxide,  and  be  then  again  fused  with  a  fresh 
portion  of  the  ore,  the  oxide  of  iron  will  flux  the  quartz,  whilst  the  fresh 
portion  of  sulphide  of  iron  will  carry  down  the  whole  of  the  gold  con- 
tained in  both  quantities  of  ore.  This  operation  having  been  repeated 
until  the  sulphide  of  iron  is  rich  in  gold,  it  is  fused  with  a  certain  quan- 
tity of  lead,  which  extracts  the  gold  and  falls  to  the  bottom.  The  lead 
is  then  cupelled  in  order  to  obtain  the  gold. 

When  the  ores  of  lead,  silver,  or  copper  contain  gold,  it  is  always 
found  to  have  accompanied  the  silver  extracted  from  them,  and  is  sepa- 
rated from  it  by  a  process  to  be  presently  noticed. 

Gold  is  sometimes  separated  from  the  impurities  remaining  with  it 
after  extraction  by  washing,  by  the  process  of  amalgamation,  which 
consists  in  shaking  the  mixture  with  mercury  in  order  to  dissolve  the 
gold-dust,  and  straining  the  liquid  amalgam  through  a  chamois  leather, 
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which  allows  the  excess  of  mercury  to   pass  through.  but    retail, 
solid  port  inn  containing  the  gold,  t'rniu  which  t: 

In  th«-  T\t-i.  this  process  is  adopted  <'•;  MMI  >in  an 

.  in  a  mill 
with  water  and  a  little    n  .     he  in -4  allowed    to   act    upon 

ions  of  ore  until  it  becomes  .sullicicnt  ly  rich  i«  he  -t : 
and  distilled. 

1  in  nature,  is  generally  alloy  ed  with  variable  proportions 
of  sji\  'i -per,  the  separation  of  which  i- 

•  ans  nf  nitric  arid,  which  will  dissolve 

rer  and  copper,  prorided  that  they  d«»  not  t-  mall  a  pm- 

•i  to  the  <^old.     Sulphuric- acid,  however,  being  very  much  cheaper, 
is  generally  employed.     The  alln\  ,  ,|  into  water,  so  as 

to  granulate  it  and  expose  a  larger  surface  to  the  action  of  t: 
is  then    ltnile<l  with    concent  rated    sulphuric    acid  (oil   of  vitriol   ,  \\hich 
converts  the  silver  and  the  copper  into  sulphates,  with  evolution  . 
phu roiis  acid  gas,  whilst  the  gold  is  left  tun  In  order  t-«  ,, 

the  silver  from  the  solution  of  the   sulphates  in  water,  scraps  of  « 
are  introduced  into  it,  when  that  metal  decomposes  the  sulphat- 
producing  sulphate  of  copper,  and  causing  the  depi.M'ion  nf  th- 
in the  metallic  state.      Finally,  the  sulphate  nf  copper   may  be  olr 
from  the  solution    l»y  evaporation    and  cr\  stalli/at  inn.      Thil    proceit  it 
:  when   the  proportion  of  gold   in  an  alloy  is  \  <  .  that 

even  7,'(lth  part  of  this  metal  may  be  profitably  <  i  1""  parts 

of  an  alloy,  and  much  gold  has  been  obtained*  in  this  way  from  old  sil\cr 

•  •nins.  A;c  ,  which  were  niannfact ured    before   -  a    process 

forthe  separation  of  these  metals  was  known.     On   boiling  ,,],} 

Of  ornaments  with  nitric  acid,  they  are  generally  found  to  yield  a 
minute    proportion  of  ^,,ld    in  the  form  of  a  purple  ;t  this 

plan  of  8c|  is  not  so  successful  when  the  alloy  contain- 

large  quantity  of  gold,  for  the  latter  metal  seem-  to  protect  the  oopper 
and  silver  solvent  action  of  the  acid.     Thu>.  if  the  all.. 

tain- more  than  £th  of  its  weight  of  gold,  it  is  <  to  fate  il  with 

a  quantity  of  silver,  so  as  to  reduce  the  proportion  of  gold   bei..\\  that 

!.e In iv  boiling  it    with  the  acid.     Again,  if  the  alloy  - 
large  quantity  of  copper,  it  is  found  expedient  t  i.  al  <>f 

thi-  metal  in  the  form  of  n\ide  by  heatinu'  the  alloy  in  a  current  nf  air. 

i   which  is  brittle  and   unlit   for  coining,  in   consequence  «,f  the 
presence  of  small  quantities  of  foreign  metals,  is  s<  iv lined  l>\ 

melting   il  with  oxide  of  copper  or  with  a  mixture  of  nil  re  and 
when  the  fmviu'ii  metals,  \\ith  the  excej-tion  of  >il\vr.  an-  o\idi/ed    and 
dissolved  in  the  slag.     Another  process  consi-ts  in   throwin. 
rosive  Miblimate  (chloride  of  mercury  j  into  the  melting-pot,  and  stirring 
it  up  with    Hie    metal,  when  illic   impurities 

le-.    which   are    Volatili/.ed.        An   excellent    method.   de\i-ed    )'V 

littt  in  fu-injj  the  ^old  with   a  little  • 
and  p:i--inur  <-hlorine   ^as  into  it  throiiL'h  a   cla\ 

i   Off  as  chlorides,  whiNt    t!  .erted 

.      i-es  to  th.-  of  the   Umld    in 

.solidifying  into  a  cake,  w  hid;  1  to  tin-  metallic  state  by  placing 


.rjr  hM  bMB  found  rrrr  mat.  ri  . 
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it  between  plates  of  wrought  iron  and  immersing  it  in  diluted  sulphuric 
acid. 

Pure  gold,  like  pure  silver,  is  too  soft  to  resist  the  wear  to  which  it  is 
subjected  in  its  ordinary  uses,  and  it  is  therefore  alloyed  for  coinage  in 
this  country  with  Jyth  of  its  weight  of  copper,  so  that  gold  coin  contains 
1  part  of  copper  and  1 1  parts  of  gold.  The  gold  used  for  articles  of 
jewelry  is  alloyed  with  variable  proportions  of  copper  and  silver.  The 
alloy  of  copper  and  gold  is  much  redder  than  pure  gold. 

The  degree  of  purity  of  gold  is  generally  expressed  Iry  quoting  it  as 
of  so  many  carats  fine.  Thus,  pure  gold  is  said  to  be  24  carats  fine  ; 
English  standard  gold  is  22  carats  fine,  that  is,  contains  22  carats  of 
gold  out  of  the  24.  Gold  of  18  carats  fine  would  contain  18  parts  of 
gold  out  of  the  24,  or  fths  of  its  weight  of  gold. 

Pure  gold  is  easily  prepared  from  standard  or  jeweller's  gold,  by  dissolving  it  in 
hydrochloric  acid  mixed  with  one-fourth  of  its  volume  of  nitric  acid,  evaporating 
the  solution  to  a  small  bulk  to  expel  excess  of  acid,  diluting  with  a  considerable 
quantity  of  water,  filtering  from  the  separated  chloride  of  silver,  and  adding  a  solu- 
tion of  sulphate  of  iron,  when  the  gold  is  precipitated  as  a  dark-purple  powder, 
which  may  be  collected  on  a  filter,  well  washed,  dried,  and  fused  in  a  small  French 
clay  crucible  with  a  little  borax,  the  crucible  having  been  previously  dipped  in  a  hot 
saturated  solution  of  borax,  and  dried,  to  prevent  adhesion  of  the  globules  of  gold. 
The  action  of  the  sulphate  of  iron  upon  the  terchloride  of  gold  is  explained  by  the 
equation — 

2AuCl3     +     6(FeO.S03)     =    Au2     +     Fe2Cl6    +     2(Fe2O3.3SO3). 

By  employing  oxalic  acid  instead  of  sulphate  of  iron,  and  heating  the  solution, 
the  gold  is  precipitated  in  a  spongy  state,  and  becomes  a  coherent  lustrous  mass 
under  pressure.  The  metal  is  employed  in  this  form  by  dentists. 

When  standard  gold  is  being  dissolved  in  agnaregia,  it  sometimes  becomes  coated 
with  a  film  of  chloride  of  silver  which  stops  the  action  of  the  acid  ;  the  liquid  must 
then  be  poured  off,  the  metal  washed,  and  treated  with  ammonia,  which  dissolves 
the  chloride  of  silver  ;  the  ammonia  must  be  washed  away  before  the  metal  is  re- 
placed in  the  acid.  In  the  case  of  jeweller's  gold,  it  is  advisable  to  extract  as  much 
silver  and  copper  as  possible  by  boiling  it  with  nitric  acid,  before  attempting  to  dis- 
solve the  gold.  Gold  lace  should  be  incinerated  to  get  rid  of  the  cotton  before  being 
treated  with  acid. 

The  genuineness  of  gold  trinkets,  &c.,  is  generally  tested  b}r  touching  them  with 
nitric  acid,  which  attacks  them  if  they  contain  a  very  considerable  proportion  of 
copper,  producing  a  green  stain,  but  this  test  is  evidently  useless  if  the  surface  be 
gilt.  The  weight  is,  of  course,  a  good  criterion  in  practiced  hands,  but  even  these 
have  been  deceived  by  bars  of  platinum  covered  with  gold.  The  specific  gravity 
may  be  taken  in  doubtful  cases ;  that  of  sovereign  gold  is  17.157. 

In  assfii/inr/  tjdld.  the  metal  is  wrapped  in  a  piece  of  thin  paper  together  Avith  about 
three  times  its  weight  of  pure  silver,  and  added  to  twelve  times  its  weight  of  pure 
lead  fused  in  a  bone-ash  cupel  (see  page  386)  placed  in  a  muffle  (or  exposed  to  a 
strong  oxidizing  blowpipe  flame),  when  the  lead  and  copper  are  oxidized,  and  the 
fused  oxide  of  lead  dissolves  that  of  copper,  both  being  absorbed  by  the  cupel. 
When  the  metallic  button  no  longer  diminishes  in  size,  it  is  allowed  to  cool,  ham- 
mered into  a  flat  disk  which  is  annealed  by  being  heated  to  redness,  and  rolled  out 
to  a  thin  plate,  so  that  it  may  be  rolled  up  by  the  thumb  and  finger  into  a  cornette, 
which  is  boiled  with  nitric  acid  (sp.  gr.  1.18.)  to  extract  the  silver;  the  remaining 
gold  is  washed  with  distilled  water,  and  boiled  with  nitric  acid  of  sp.  gr.  1.28,  to 
extract  the  last  traces  of  silver,  after  which  it  is  again  washed,  heated  to  redness  in 
a  small  crucible,  and  weighed. 

The  stronger  nitric  acid'could  not  be  used  at  first,  since  it  would  be  likely  to  break 
the  cornet  into  fragments,  which  could  not  be  so  readily  washed  without  loss.  The 
addition  of  the  three  parts  of  silver  (qitartatlon)  is  made  in  order  to  divide  the  alloy, 
and  permit  the  easy  extraction  of  the  silver  by  nitric  acid,  which  cannot  be  effected 
when  the  gold  predominates. 

298.  The  physical  characters  of  gold  render  it  very  conspicuous  among 
the  metals ;  it  is  the  heaviest  of  the  metals  in  common  use3  with  the  ex- 
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•ion  of  platinum,  its  specific  gravity  ln-ini;  !'.».:;.      In  malleability  and 

ductihu  ii  rarptMet  all  other  metali;  the  form.  urn*!  t.. 

ad\ahtai:e  l'»r  tin-  manufacture  of  L'old    !•  •••  liirli  purpose  a  bar  of 

gold  is  passed  between  rollers  which  extend  it  into  t  IK-  form  <>t':i  riband; 
this  is  cut  up  into  squares,  which  are  packed  between  layers  of  fine  vrllum, 
and  beaten  \\ith  a  heavy  hammer;  these  thinner  squares  are  then  n_ 
em    up  ami   beaten   between  layers  of  gold-beater's  skin  nut il  they  are 
I  eufllciently  thin.     An  mince  of  gold  may  thus  be  spiva-1  over  1  oO  square 
'  ;  282,000  of  such  leaves  placed  upon  each  other  form  a  pile  of  only 
inch  hi-_di.     These  leaves  will  allow  light  to  pass  through  them,  and 
always  appear  green  or  blue  when  held  up  to  the  ILdit,  though  they  ex- 
hibit tin-  "I- Unary  color  of  gold  by  reflected  light;  extremely  thin  leaves 
of  gold,  obtained  by  partially  dissolving  ordinary  gold  leaf  h\ 
it  on  solution  of  cyanide  of  potassium,  transmit  a  violet  or  a  red  light, 
<.rdim_r  to  their  thickness,  though  they  Mill  appear  \ellow  by  reflected 
liu'ht.  :md  if  taken  up  on  a  glass  plate  and  heated  to  about  600°  F.  t 
lose  their  golden  relleetion  and  become  ruby  red.  changing  to  green  if 
-seil  \\ith  a  hard  substance.     If  vwytMly  divided  gold  d.-d 

in  water,  il  imparts  a  violet  or  red  color  to  it.  Such  colored  fluid-  OOD- 
taininj  v« -ry  minute  particles  of  gold  in  a  state  of  suspension,  may  b«- 
obtained  by  the  action  of  phosphorus  disso|ve<|  in  ether  upon  a 
weak  solution  of  gold  in  aqua  regia ;  on  standing  for  a  long  time,  tin- 
particles  of  finely  divided  gold  are  deposited,  having  the  same  tint  as 
that  which  they  previously  exhibited  when  suspended  in  the  liquid  :  the 
bine  particles  being  less  minute  are  soonest  deposited,  but  the  red 
particles  require  many  months  to  settle  down.  These  divers  colors  of 
finely  divided  gold  are  taken  ad\antageof  in  painting  upon  porcelain, 
and  the  well-known  magnificent  ruby  red  glass  owes  its  color  to  the 
same  cans,-  ,  '  th  of  a  grain  of  gold  is  capable  of  imparting  a  deep-rose 
color  to  a  cubic  inch  of  fluid. 

The  extreme  ductility  of  ^,1,1  is  exemplified  in  the  manufacture  of 
.  gold  thread  for  enibn>id.-r\,  in  which  a  cylinder  of  silver  having  been 
I  covered  with  gold  leaf,  it  is  drawn  through  a  wire-drawing  plate  and 
'  reduced  to  a  thinness  of  a  hair;  in  this  way  gix_ouner-  1  are 

1  drawn   into  a  c\  linder  two  hundred   miles  in  length.      Although  fusing 
at  about  the  same  temperature  as  copj  is  seldom  cast,  on  ac- 

count of  its  great  contraction  during  solidification. 

Gold  is  ii"'  •  '••  ii  aHected  to  the  same  extent  as  silver  by  exposure  to 
the  atmosphere,  for  sulphuretted  hydrogen  has  no  action   upon  it.  and 
hence  no  metal  is  so  well  adapted  i-r  coating  surfaces  which  an 
cpiired  to  preserve  their  lustre. 

The  -jold  is  sometimes  applied  to  the  surfaces  of  metals  in  the  form  of 

AD  amalgam,  the  mercury  being  afterward-  dri\en  otf  by  heat.      Metals 

may  also  be  gilt  by  means  of  a  boilim:  solution  prepared  by  cNatob 

gold  in  aqua  rc^ia.  and  adding  an  excess  of  bicarl..,,i  t-h  Of  of 

soda.     Hut  the  most  elegant  process  of  gild  in  u'  i^  that  of  eirctro-^jidim.:. 

in  \\hieu  the  object  to  be  gilt  is  connected   with  the  i  .>nd 

the  galvanic  battery,  ami  immersed  in  a  solution  of  <-\anide  of  ^.Id 

in  'asHium.  in  which  is  also  placed  a  gold  plate  conn- 

•'ithepo-  end  oft!..  .and  inl  ended,  b\  gradually 

'ol\inur,  to  re;  abstracted  fr«>m  the  solution  at  the  ncga- 

A  gold  crucible  is  \ery  us,-ful  in  the  labo: 

of  substances  With  cauM  Ic  alkalie-,  which  would  OOrrodc  a  platinum  cru- 
cible. 
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299.  Oxides  of  Gold. — Two  compounds  of  gold  with  oxygen  have  been 
obtained,  Au2O  and  Au203,  but  neither  of  them  is  of  any  great  practical 
importance. 

Sesquioxide  of  gold  or  auric  acid  (Au203)  is  prepared  from  the  solu- 
tion of  gold  in  aqua  regia,  by  boiling  it  with  excess  of  potash,  decom- 
posing the  aurate  of  potash  with  sulphuric  acid,  and  purifying  the  auric 
acid  by  dissolving  it  in  nitric  acid  and  precipitating  by  water.  It  forms 
a  yellow  precipitate,  which  is  easily  decomposed  by  exposure  to  light  or 
to  a  temperature  of  500°  F.  By  dissolving  it  in  potash  and  evaporating 
in  vacua,  the  aurate  of  potash  is  obtained  in  yellow  needles  (K2O.Au203, 
6Aq.).  Suboxide  of  gold  (Au2O)  forms  a  dark  precipitate  when  proto- 
chloride  of  gold  is  decomposed  by  potash. 

The  chlorides  of  gold  correspond  in  composition  to  the  oxides.  The 
terchloride  of  gold  (AuCl3)  is  obtained  by  dissolving  gold  in  hydro- 
chloric acid  with  one  fourth  of  its  volume  of  nitric  acid,  and  evaporat- 
ing on  a  water-bath  to  a  small  bulk ;  on  cooling,  yellow  prismatic  crys  • 
tals  of  a  compound  of  the  terchloride  with  hydrochloric  acid  (AuCl3. 
HCl.GAq.)  are  deposited,  from  which  the  hydrochloric  acid  may  be  ex- 
pelled by  a  gentle  heat  (not  exceeding  250°  F.),  when  the  terchloride 
forms  a  red-brown  deliquescent  mass,  dissolving  very  readily  in  water, 
giving  a  bright  yellow  solution  which  stains  the  skin  and  other  organic 
matter  purple  when  exposed  to  light,  depositing  finely  divided  gold. 
Almost  every  substance  capable  of  combining  with  oxygen  reduces  the 
gold  to  the  metallic  state.  The  inside  of  a  perfectly  clean  flask  or  tube 
may  be  covered  with  a  film  of  metallic  gold  by  a  dilute  solution  of  the 
terchloride  mixed  with  citric  acid  and  ammonia,  and  gently  heated. 
The  facility  with  which  it  deposits  metallic  gold,  and  the  resistance  of 
the  deposited  metal  to  atmospheric  action,  has  rendered  terchloride  of 
gold  very  useful  in  photography.  Alcohol  and  ether  readily  dissolve 
the  terchloride,  the  latter  being  able  to  extract  it  from  its  aqueous  solu- 
tion. Red  crystals  of  terchloride  of  gold  are  sublimed  when  thin  gold- 
foil  is  gently  heated  in  a  current  of  chlorine.  Terchloride  of  gold  (like 
perchloride  of  platinum)  forms  crystallizable  compounds  with  the  alka- 
line chlorides  and  with  the  hydrochlorates  of  organic  bases,  and  affords 
great  help  to  the  chemist  in  defining  these  last.  Aurochloride  of  sodium 
forms  reddish-yellow  prismatic  crystals  (NaCl.AnCl3,4Aq.)  which  are 
sometimes  sold  for  photographic  purposes. 

Protochloride  of  gold  (AuCl)  is  obtained  by  gently  heating  the  ter- 
cliloride,  when  it  fuses  and  is  decomposed  at  350°  F.,  leaving  the  proto- 
chloride,  which  is  reduced  to  metallic  gold  at  about  400°  F.  The  pro- 
tochloride  is  sparingly  soluble  in  water  and  of  a  pale  yellow  color. 
Boiling  water  decomposes  it  into  metallic  gold  and  terchloride. 

Fulminating  gold  is  obtained  as  a  buff  precipitate  when  ammonia  is 
added  to  solution  of  terchloride  of  gold ;  its  composition  is  not  well  es- 
tablished, but  appears  to  be  Au2O3.4NH3.H2O.  It  explodes  violently 
when  gently  heated. 

The  sel  d'or  of  the  photographer  is  a  hyposulphite  of  gold  and  soda 
(Au2S2O3,  3(Na2S203),4Aq.),  which  is  obtained  in  fine  white  needles  by 
pouring  a  solution  of  one  part  of  terchloride  of  gold  into  a  solution  of 
three  parts  of  hyposulphite  of  soda,  and  adding  alcohol,  in  which  the 
double  salt  is  insoluble.  Its  formation  may  be  explained  by  the  equa- 
tion— 

8(Na2S203)  +  2AuCl3  =  Au2S203,  3(Na2S2O3)  +  GNaCl  +  2(Na2S406). 
It  is  doubtful  whether  the  above  formula  represents  the  true  constitu- 


4  >''.  SULPHIDES   OF   GOLD. 

f  tlii-^  salt.  for  it  is  not  decomposed  by  acids    in    tin-  -am,-  n 
as  ordinary  hyposulphites.      Nitric  acid  causes  the  whole  of  tin-  ^oM  to 
separate  in  tin-  metallic  lUI 

f  Casxius,  which  is  employed  for  imparting  :i  rich  r.-d  color 
to  glass  and  porcrlain.  is  a  compound  of  ^.M.  tin,  and  o\y«en,  which 
are  believed  to  be  L  :-«linur  to  the  formula  An  o.SnO.,  SnO. 

SnOJ.4Aq.  It  ni.-i\  IK-  |.n-|..-i!vl  l.y  adding  protochloride  of  tin  to  a 
mixture  of  bichloride  of  tin  an<l  ten  -hloridc  of  gold  ;  7  parts  of  gol<l  an? 
dissolve*]  :  mixed  ^ith  -  part-  of  tin  also  dissolved  in 

;  this  solution  is  largely  diluted  with  water,  and  a  weak  -•• 
Intion  of  1  part  of  tin  in  hydrochloric  acid  is  added.  di«.p  l.y  dn-p.  till 
a  fine  purple  color  is  produced.  The  purple  of  Cassius  remains  sus- 
pended in  water  in  a  very  tine  state  of  division,  but  subsides  gradually. 
especially  if  some  saline  solution  be  added,  as  a  purple  powder,  're- 
fresh precipitate  dissolves  in  ammonia,  lint  the  purple  solution  i>  decom- 
\posure  to  light,  becoming  Mne.  and  finally  colorless,  metallic 
Lfold  In-ill^  precipitated,  and  Immxide  of  tin  left  in  solution. 

The  n  of  gold  are  not  thoroughly  known.     When   hyd: 

phuric  acid  acts  on  solution  of  ten  -hl.n-ide  «»f  Lr"ld.  a  black  precipitate 
"t   Au,S,  Au,S.  is  obtained,  which  dissolves  in  alkaline  snlj.h 
salt  \  -.  8Aq.  has  been  obtained  in  colorless  prisms,  soluble  in 

alcohol.    The  precipitated  sulphide  of  gold  is  not  dissolved  1>\  tin 
with  the   exception   of  /;»/»/»/  \itric   acid  oxidi/.es  tiie  snlphnr, 

leaving  metallic  gold.  When  liydrosulphuric  acid  i-  added  t«»  a  hoiling 
solution  of  ten  hloride  of  ^"'Id.  the  metal  itself  is  preci|>it:i 


SAuCl,  +  3H,S  +  12H,0  =  Aue  +  24HC1  4-  3(11,0.80,). 

HowUh-.jray  brittle  arsenide  of  gold  (AuAsJ  has  been  found  in 
in  Australia. 


ON  SOME  OF  THE 

USEFUL  APPLICATIONS    OF   CHEMICAL  PRINCIPLES 
NOT  HITHERTO   MENTIONED. 


CHEMICAL  PRINCIPLES   OF    THE   MANUFACTURE 
OF    GLASS. 

300.  GLASS  is  defined  chemically  to  be  a  mixture  of  two  or  more  sili- 
cates, one  of  which  is  a  silicate  of  an  alkali,  the  other  being  a  silicate  of 
lime,  baryta,  oxide  of  iron,  oxide  of  lead,  or  oxide  of  zinc. 

If  silicic  acid  be  fused  with  an  equal  weight  of  carbonate  of  potash  or 
soda,  a  transparent  glassy  mass  is  obtained,  but  this  is  slowly  dissolved 
by  water,  and  would  therefore  be  incapable  of  resisting  the  action  of 
the  weather;  if  a  small  proportion  of  lime  or  baryta,  or  of  the  oxides  of 
iron,  lead,  or  zinc,  be  added,  the  glass  becomes  far  less  easily  affected 
by  atmospheric  influences. 

The  most  valuable  property  of  glass,  after  its  transparency  and  per- 
manence, is  that  of  assuming  a  viscid  or  plastic  consistency  when  fused, 
which  allows  it  to  be  so  easily  fashioned  into  the  various  shapes  required 
for  use  or  ornament. 

The  composition  of  glass  is  varied  according  to  the  particular  purpose 
for  which  it  is  intended,  the  materials  selected  being  fused  in  large  clay 
crucibles  placed  in  reverberatory  furnaces,  and  heated  by  a  coal  fire  or 
in  a  gas-furnace. 

Ordinary  window  glass  is  essentially  composed  of  silicate  of  soda  and 
silicate  of  lime,  containing  one  molecule  (13.3  per  cent.)  of  soda,  one 
molecule  (12.9  per  cent.)  of  lime,  and  five  molecules  (69.1  per  cent.)  of 
silicic  acid ;  it  also  usually  contains  a  little  alumina.  This  variety  of 
glass  is  manufactured  by  fusing  100  parts  of  sand  with  about  35  parts 
of  chalk  and  35  parts  of  soda-ash :  a  considerable  quantity  of  broken 
window  glass  is  always  fused  up  at  the  same  time.  Of  course,  the  car- 
bonic acid  of  the  chalk  and  of  the  carbonate  of  soda  is  expelled  in  the 
gaseous  state,  and  in  order  that  this  may  not  cause  the  contents  of  the 
crucible  to  froth  over  during  the  fusion,  the  materials  are  first  fritted 
together,  as  it  is  termed,  at  a  temperature  insufficient  to  liquefy  them, 
when  the  carbonic  acid  is  evolved  gradually,  and  the  fusion  afterwards 
takes  place  without  effervescence. 

Occasionally  sulphate  of  soda  is  employed  instead  of  the  carbonate, 
when  it  is  usual  to  add  a  small  proportion  of  charcoal,  in  order  to  reduce 
the  sulphuric  to  the  state  of  sulphurous  acid,  which  is  far  more  easily 
expelled.  Before  the  glass  is  worked  into  sheets,  it  is  allowed  to  remain 
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at  rest  for   some   time    in   tin-    fused    state,  so  that  tin-    air-l»iiM.les   may 

escape,  and  the  ting  chiefly  of  sulphate  ol 

:iini  chloride  of  sodium  ).  which  rises  to  tin*  sin T:u-«-.  i-  rem-.ved. 

'."*  is  also  chielly  :i  silicate  of  soda  and  lime,  l.ut   it  contains. 

iderable  quantity  of  silicate  of  p.-t.-is|,    71  p,., 

of  sili  f  soda,  5.5  of  pota-h.  ami  ."...".  of  lime).     Tin-  purest 

white  Hand  is  selected,  and  great  care  is  taken  to  exclude  impm 

VMM,  used    for  optical    purpose-,  contain-  n<>   soda,  since  that 

alkali  has  the  property  of  Imparting  a  greeoW)  tint  to  jzlass,  which  is 
not  the  case  with  pota-h.  Tin-  \arietyofglass.  il 

ling  >and  with  carbonate  of  potash  and  chalk  in  -m-h  proportions 
that  the  glass  may  contain  one  molecule  c2~2  \  of  p«>ta-h.  one 

molecule  (12.5  per  cent.)  of  lime,  and  four  molecules  (•  m.)  ,,f 

silicic  acid. 

The  glass  of  which  vinf  hnttlt-n  are  made  is  of  a  nnu-h  rhraprr  and 
commoner  description,  consisting  chiftly  of  >ilirat(  of  linn-.  1-ut  « -..ntaiii- 
ing,  in  addition,  small  quantities  of  the  silicates  of  the  alkalies  of  alu- 
mina and  of  oxide  of  iron,  to  the  last  of  which  it  owes  its  dark  color.  It 
i>  nia<ieof  the  coarsest  materials,  such  a>  common  red  sand  (containing 
iron  and  alumina),  soap-makers'  waste  (containing  lime  and  small  quan- 
tities of  alkali),  refuse  lime  from  the  gas-works,  clay,  and  a  \<r\  small 
it  ion  of  rock  salt. 

hich  is  used  for  table  glass  and  for  ornamental  purposes, 
i-  a  doable  silicate  of  potash  and  oxide  of  lead,  ci.ntainin^  one  molecule 
c*li.  one  molecule  (:;:!.:>   per  cent.)  of  oxide  of 
nd  >ix  molecule-  i  .M.1.'.  •.)  of  silicic  acid.      '.  pared 

I'V  fiiHin«_i  1500  parts  of  the  purest  white  saii<l  with  L'IM»  parts  of  minium 
i  red  OZide  «'f  lead  ).  l<m  p:nt-*  of  ictined  peai'l-a-^li.  and  :;n  parts  of  nitre. 
The  fu>ion  ix  eitected  in  ci'iieiMe-,  covered  in  at  the  top  to  prevent  the 
access  of  the  flame,  which  would  reduce  a  portion  of  the  lead  to  tin- 
metallic  state.  The  nitre  is  added  in  order  to  oxidize  any  accidental 
impuiitir>  which  miirht  reduce  the  lead. 

The  presence  of  the  oxide  of  lead  in  glass  very  much  incrcas> 
fusibility,  and  render-,  it  much  softer,  so  that  it  may  be  more  easily  cut 
into  ornamental  forms;  it  also  greatly  increases  it-  lu-tre  and  beauty. 

•a  ha-  aUo  the  effect  of  increasing  t  he  fusibility  of  glass,  nnd  OZfdC 
of /inc.  like  oxfde  Of  lead,  increases  its  l.rilliaii. 

on  which  account  it  is  employed  in  some  kinds  of  glass  f-  !  pur- 

poses.    Glass  of  this  description  iN   ;1N,,    made   l.\   v,,l.-t  itut  in^r  boracio 

for  a  portion  C>f   the   silicic   acid. 

Some  varieties  of  glass,  if  heated  nearly  to  their  meltin^-p"'11' 
allowed  to  COol  slowly,  become  converted  into  an  opaque  very  hard  ma-- 
resembling    porcelain    (JtfaK  This    change,    which    is 

known  as  .  i-   due   to  the   ery>talli/.ation  of  th- 

i«d  in  the  mass,  and  by  again  fusing  it.  the  glass  may  be  re- 
to  its  ori^':  parent  condition. 

In  producing  D  of  it-  property    Ol 

solving  many  metallic  oxides  u  ith  production  of  peculiar  .  It  has 

ttle  uda--  -Nir  to  the  pn-s- 

le  of  iron  ;    and  -in<-e  this  oxide    i-  u'ciicrally  found  in  small 
•v  in  -and,  and  even  in  chalk,  it  occasionally  happens  that  a  glass 
which  is  iv|iim  ly  eolorl<  "it  to  have  a  slight  | 

tinge.    In-  Mnore  this,  a  small  qnantHj  of  some  01  agent 

tdded.  in  order  to  convert  the   oxide  of  iron  into  the 
\\hich  does  not  in,,  color  when  present  in  minute 
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tion.  A  little  nitre  is  sometimes  added  for  this  purpose,  or  some  arse- 
nious  acid,  which  yields  its  oxygen  to  the  oxide  of  iron,  and  escapes  in 
the  form  of  vapor  of  arsenic ;  red  oxide  of  lead  (Pb3O4)  may  also  be 
employed,  and  is  reduced  to  oxide  of  lead  (PbO),  which  remains  in  the 
glass.  Binoxide  of  manganese  is  often  added  as  an  oxidizing  agent, 
being  reduced  to  the  state  of  oxide  of  manganese  (MnO),  which  does 
not  color  the  glass ;  but  care  is  then  taken  not  to  add  too  much  of  the 
binoxide,  for  a  very  minute  quantity  of  this  substance  imparts  a  beau- 
tiful amethyst  purple  color  to  glass. 

Suboxide  of  copper  is  used  to  produce  a  red  glass,  and  the  finest  ruby 
glass  is  obtained  (as  already  mentioned  at  p.  434)  by  the  addition  of  a 
little  gold.  The  oxides  of  antimony  impart  a  yellow  color  to  glass ;  a 
peculiar  brown-yellow  shade  is  given  by  charcoal  in  a  fine  state  of  divis- 
ion, and  sesquioxide  of  uranium  produces  a  fine  green ish-yellow  glass. 
Green  glass  is  colored  either  by  oxide  of  copper  or  sesquioxide  of  chro- 
mium, whilst  oxide  of  cobalt  gives  a  magnificent  blue  color.  For  black 
glass,  a  mixture  of  the  oxides  of  cobalt  and  manganese  is  employed. 
The  white  enamel  glass  is  a  flint  glass,  containing  about  10  per  cent,  of 
binoxide  of  tin.  Bone-ash  is  also  used  to  impart  this  appearance  to  glass. 

CHEMISTRY  OF  THE  MANUFACTURE  OF  POTTERY 
AND  PORCELAIN. 

301.  The  manufacture  of  pottery  obviously  belongs  to  an  earlier  period 
of  civilization  than  that  of  glass,  since  the  raw  material,  clay,  would  at 
once  suggest,  by  its  plastic  properties,  the  possibilit}^  of  working  it  into 
useful  vessels,  and  the  application  of  heat  would  naturally  be  had  re- 
course to  in  order  to  dry  and  harden  it.  Indeed,  at  the  first  glance,  it 
would  appear  that  this  manufacture,  unlike  that  of  glass,  did  not  involve 
the  application  of  chemical  principles,  but  consisted  simply  in  fashioning 
the  clay  by  mere  mechanical  dexterity  into  the  required  form.  It  is 
found,  however,  at  the  outset,  that  the  name  of  clay  is  applied  to  a  large 
class  of  minerals,  differing  very  considerably  in  composition,  and  pos- 
sessing in  common  the  two  characteristic  features  of  plasticity  and  a 
predominance  of  silicate  of  alumina. 

It  has  already  been  stated  (p.  319)  that  kaolin  is  a  hydrated  silicate 
of  alumina,  and  it  is  from  this  material  that  the  best  variety  of  porcelain 
is  made.  This  clay  is  eminently  plastic,  and  can  therefore  be  readily 
moulded,  but  when  baked,  it  shrinks  very  much,  so  that  the  vessels 
made  from  it  lose  their  shape  and  often  crack  in  the  kiln.  In  order  to 
prevent  this,  the  clay  is  mixed  with  a  certain  proportion  of  sand,  chalk, 
bone-ash,  or  heavy-spar;  but  another  difficulty  is  thus  introduced,  for 
these  substances  diminish  the  tenacity  of  the  clay,  and  would  thus  ren- 
der the  vessels  brittle.  A  further  addition  must  therefore  be  made,  of 
some  substance  which  fuses  at  the  temperature  employed  in  baking  the 
ware,  and  thus  serves  as  a  cement  to  bind  the  unfused  particles  of  clay, 
&c.,  into  a  compact  mass.  Feldspar  (silicate  of  alumina  and  potash) 
answers  this  purpose ;  or  carbonate  of  potash  or  of  soda  is  sometimes 
added,  to  convert  a  portion  of  the  silica  into  a  fusible  alkaline  silicate. 
With  a  mixture  of  clay  with  sand  and  feldspar  (or  sorne  substitutes),  a 
vessel  may  be  moulded  which  will  preserve  its  shape  and  tenacity  when 
baked,  but  it  will  be  easily  pervious  to  water,  and  thus  quite  unfit  for 
ordinary  use.  It  has,  therefore,  to  be  water-proofed  by  the  application 
of  some  easily  fusible  material,  which  shall  either  form  a  glaze  over  the 
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•^linll    become    incorporated    with  the    bodv  of  tin-  wa 
••-••I   i-  thru  lit   for    :tll  its  11868.      Handles    and  ornam.-ntN  in    relief 
are  moulded   veparatrly,  ami  fixed  "ii  tin-  ware  before  bakiir.  . 
ored  designs  an  -rous  ware  befoi 

Tin-    manufacture  -  •  ,\'  tin-  ui< 

ample-  <.f  thin  art.      Tin-  pn;  arc    -elected  in  the    follow  in-.: 

rtiona:  Kaolin  (porabUn  elajr),  <  --lialk.  4  parts;  sand.  IT 

feM-q.ar.  IT    part-.      The-e    matei  lals  are   ground    up  with  wat.  -r 
before  be  in  ur    mixed.  ami  the  coarser  particles    allowed  t<»    .subside;   the 
creamy  tin  id-  containing  the  liner  particles  in  suspension  are  then  • 
in  the  proper  proportions,  and  allowed  to  settle  :  tin-  paste  •  !• 
the   1  .  thoroughly  kneaded,  and  stored  away  for  some 

months  in  a  damp  place,  by  which  its  texture  is  consideral.lv  imp: 
ami  an\  organic  matter  which  it  contains  becomes  oxidi/cd  and  ren. 

\idation  being  effected  partly  liy  the  sulphates  present,  which  In- 
come redueed  to  sulphides.  It  is  then  moulded  into  the  required  form-. 
and  dried  b\  -implc  exposure  to  the  air.  Tiie  vessels  an  n  cyl- 

imlrical  cases  of  \i-iy  relraetor\   el:i\  .  which  are  UimBgeCJ  in  a  furnace 
or  kiln  of  peculiar  construction,  ami  \vr\  gradually  hut  >!n>ngly  heated 
hy  the  flame  of  a  wood  lire.     When  sullieiently  baked,  the  /• 
eel  n  in  has  to  be  glazed,  and  great  care  is  taken  that  the  glaze  may  pos- 
sess the  siirae  expansibility  by  heat  as  the  ware  itself,  for  other\ 
would  crack  in  all  directions  as  the  glazed  ware  cooled.     The  glaze  em- 
ployed at  Sevres  is  a  mixture  of  feldspar  and  quart/  very  finely  ground, 
and  suspended  in  water,  to  which  a  little  vinegar  is  added  to  prevent  the 
glaze  from  subsiding  too  rapidly.     When  the  porous  ware  is  dipped  into 
this  mixture,  it  absorbs  the  water,  and  retains  a  thin  coating  <>i  the  mix 
tu  re  of  quart/  and  feld-par  upon  its  surface.     It  is  now  bakV 
time,  \\heii  the  glaze  fuses,  partly  penetrating  the  ware,  partly  remain- 
ing as  a  varnish  upon  the  surface. 

When  the  ware  is  required  to  have  some  uniform  col'-r.  a  mineral  pig- 
ment capable  of  resisting  very  hiizh  temperatures  i-,  mixed  with  the  glaze; 
but  colored  designs  are  painted  upon  the  ware  after  ^la/.inir.  the  ware 
being  then  bakrd  a  third  time,  in  order  to  fix  the  colors.  These  colors 
are  glasses  colored  with  metallic  oxides,  and  ground  up  with  oil  of  tur- 
pentine, so  that  they  m:t\  be  (tainted  in  the  ordinary  way  upon  the  sur- 
face of  the  ware;  when  the  latter  !•»  a^ain  heated  in  the  kiln,  the  colored 
glass  fuses,  and  thus  contracts  a  firm  adhesion  with  t  i, 

:ipplicd  either  in  the  form  of  precipitated  metallic  in.  Id. 
fulminating  gold,  being  ground  up  in  either  case  with  oil  of  turpentine. 
burnt  in.  and  I 

'  is  made  from  Cornish  clay  mixed  \\  it  h  -round  Mints, 
burnt  .      .  I  xomctimcs  a  little  carbonate  of  soda,  1  I  bin- 

n.  the  last  inq»ro\  in^tlie  color  of  the  war«-.      It   is  ^la/cd  with 
of  <  'on,  i,^  of  quart/    and    '  .  Hint, 

chalk,  borax,  a:  white  lead  to  im-iva-e  iu  fusibility. 

ie    from  less  pure   material-,  and  is  co\.-ivd  \\ith   a 

glaze  of  silicate  of  soda,  in  a  very  simple  manner.  l>\  a  pr.  .ee^s  km>un 
as  salt  .  th  a  thin  film  of  >and  by  dipping 

it  in  a  mixture  of  fine  sand  and  water,  and  i-  then  intensely  heated  in 
a  kiln  into  which  a  quantity  of  damp  -alt  i-  pivx.-ntly  thrown.  The 
joint  act  i.,n  of  the  r  and  the  -al1  1  into 

-•da.  which  fuses  into  u  glass  upon  the  -in  lace  of  the  • 

iCl    4-     H,0     4-    SiO,    =    Na,O.SiO,    -r     .'IK  1. 
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Pipkins,  and  similar  earthenware  vessels,  are  made  of  common  clay 
mixed  with  a  certain  proportion  of  marl  and  of  sand.  They  are  glazed 
with  a  mixture  of  4  or  5  parts  of  clay,  with  6  or  7  parts  of  litharge.  The 
color  of  this  ware  is  due  to  the  presence  of  peroxide  of  iron. 

Bricks  and  tiles  are  also  made  from  common  clay  mixed,  if  necessary, 
with  sand.  These  are  very  often  gra}*,  or  blue,  or  yellow,  before  baking, 
and  become  red  under  the  action  of  heat,  since  the  iron,  which  is  origin- 
ally present  as  carbonate  (FeO.C02),  becomes  converted  into  the  red 
peroxide  (Fe203)  by  the  atmospheric  oxygen. 

The  impure  varieties  of  clay  fuse  much  more  easily  than  pure  clay,  so 
that,  for  the  manufacture  of  the  refractory  bricks  for  lining  furnaces,  of 
glass-pots,  crucibles  for  making  cast  steel,  &c.,  a  pure  clay  is  employed, 
to  which  a  certain  quantity  of  broken  pots  of  the  same  material  is  added, 
to  prevent  the  articlee  from  shrinking  whilst  being  dried. 

Dinas  fire-bricks  are  made  from  a  peculiar  silicious  material  found  in 
the  Vale  of  Neath,  and  containing  alumina  with  about  98  per  cent,  of 
silica.  The  ground  rock  is  mixed  with  1  per  cent,  of  lime  and  a  little 
water  before  moulding.  These  bricks  are  expanded  by  heat,  whilst 
ordinary  fire-bricks  contract. 

Blue  bricks  are  glazed  by  sprinkling  with  iron  scurf,  a  mixture  of 
particles  of  stone  and  iron  produced  by  the  wear  of  the  silicious  grind- 
stones employed  in  grinding  gun-barrels,  &c.  When  the  bricks  are 
fired,  a  glaze  of  silicate  of  iron  is  formed  upon  them. 


CHEMISTRY  OF  BUILDING  MATERIALS. 

302.  Chemical  principles  would  lead  to  the  selection  of  pure  silica 
(quartz,  rock-crystal)  as  the  most  durable  of  building  materials,  since  it 
is  not  acted  on  by  any  of  the  substances  likely  to  be  present  in  the 
atmosphere  ;  but  even  if  it  could  be  obtained  in  sufficiently  large  masses 
for  the  purpose,  its  great  hardness  presents  an  obstacle  to  its  being- 
hewn  into  the  required  forms.  Of  the  building-stones  actually  employed, 
granite,  basalt,  and  porphyry  are  the  most  lasting,  on  account  of  their 
capability  of  resisting  for  a  great  length  of  time  the  action  of  water  and 
of  atmospheric  carbonic  acid ;  but  their  hardness  makes  them  so 
difficult  to  work,  as  to  prevent  their  employment  except  for  the  con- 
struction of  pavements,  bridges,  &c.,  where  the  work  is  massive  and 
straightforward,  and  much  resistance  to  wear  and  tear  is  required.  The 
millstone  grit  is  also  a  very  durable  stone,  consisting  chiefly  of  silica, 
and  employed  for  the  foundations  of  houses.  Freestone  is  a  term  applied 
to  any  stone  which  is  soft  enough  to  be  wrought  with  hammer  and  chisel, 
or  cut  with  a  saw ;  it  includes  the  different  varieties  of  sandstone  and 
limestone.  The  sandstones  consist  of  grains  of  sand  cemented  together 
by  clay  or  limestone.  The  Yorkshire  flags  emplo3red  for  paving  are 
silicious  stones  of  this  description.  The  Craigleifh  sandstone,  which  is 
one  of  the  freestones  used  in  London,  contains  about  98  per  cent,  of 
silica,  together  with  some  carbonate  of  lime. 

The  building-stones  in  most  general  use  are  the  different  varieties  of 
carbonate  of  lime.  The  durability  of  these  is  in  proportion  to  their  com- 
pact structure;  thus  marble,  being  the  most  compact,  has  been  found  to 
resist  for  many  centuries  the  action  of  the  atmosphere,  whilst  the  more 
porous  limestones  are  corroded  at  the  surface  in  a  very  short  time. 
Portland  stone,  of  which  St.  Paul's  and  Somerset  House  are  built,  and 
Bath  stone,  are  among  the  most  durable  of  these  ;  but  they  are  all  slowly 


MORTAR  —  CEM1 

con  -I'thi-  corro- 

sion appears  to  bo  tin-  mechanical  di-inte^rat  ion  caused  by  tin-  expan- 
sion, in  free/inur.  "I"  the  water  absorbed  in  tin-  pores  of  the  stone.  In 
Older  tO  determine  tin-  ivla'  it  to  which  di  lie  rent  stones  are  |  j:i  1.1,  • 

to  be  disintegrated  by  frost,  a  test  has  been  d-  -.-••!.  which  >  n^i^ts  in 
soaking  the  stone  repsmtodlj  in  a  saturated  solution  of  sulphate  of  soda 
:in<l  allowing  it  to  dr\  .  \\  In-n  tin-  crystalli/.ation  of  tin-  -alt  disintegrates 
the  ston.  \\ouid.  x,,  that  if  tin-  particles  detached  from 

tin-  -iirface  be  collected  and  weighed,  a  numerical  expression  for  the 
resistance  of  the  material  will  be  oi>tain«  ••!.  Magnesian  limestone*  (car- 
bonate of  lime  with  carbonate  of  magnesia)  are  much  \alu.-,|  \»r  <>rna- 
mental  architecture,  on  account  of  the  ease  with  which  they  maybe 
i  ii.  I  are  said  to  be  more  durable  in  proportion  as  they  approach 
the  composition  expressed  by  the  formula  CaO.CO,,  MgO.CO,.1  The 
magnesian  limestone  from  I;..|-,,\IT  Moor,  of  which  th.  II 
liainent  are  built,  contains  50  per  cent,  of  carbonate  of  lime,  40  of  car- 
bonate of  magnesia.  with  some  silica  and  alumina. 

It    is  probable  that  a  slow  corrosion  of  the  surface  of  limestone  is 
effected   by  the  carbonic  acid  continually  deposited  in  aqueous  solution 
from  the  air;  and  it  is  certain  that  in  the  atmosphere  of  towns  the  lime 
stone  is  attacked  by  the  sulphuric  acid  which  results  from  the  coml 
tion  of  coal  and  the  operations  of  chemical  works.     The   Houses  of 
Parliament  have  suffered  severely,  probably  from  this  cause.     Man\  j 
cesses  have  been  recommended  for  the  preservation  of  1  mi  Id  ing-stones, 
such  as  waterproofing  them  by  the  application  of  oily  and  resinous  sub- 
stances, and  coating  or  impregnating  them  with  solution  of  soluble  glass 
and  similar  matters;  but  none  seems  yet  to  have  been  thoroughly  i.  -t»  -d 
by  practical  experience. 

'>t'ck,  Ancarter,  and  Caen  stones  are  well-known   limestones  em- 
ployed for  building. 

303.  The  mortar  employed  for  building  is  composed  of  1  part  of  freshly 
slaked  lime  and  2  or  3  parts  of  sand  intimately  mixed  with  enough 
water  to  form  a  uniform  paste.  The  hardening  of  such  a  composition 
appears  to  be  due.  in  the  first  .  to  the  absorption  of  carlx 

i  from  the  air,  by  which  a  portion  of  the  lime  rted  into  car- 

he 


bonate,  and  this  uniting  with  the  nnalt<-ivd  hydrate  of  lime,  forms 

•  i-  adhering  closely  to  the  two  surfaces  of  ln-ick  or  stone,  which  it 
ient8  together.      It  KM  of  time  the   lime  would  act  upon   the 

silica,  producing  silicate  of  lime,  and  this  chemical  action  would  render 

the  adhesion  more  per  ••   chief  ns,-   of  the    sand    here,  as  in  the 

manufacture  of  pott  ,-ry  ip.  439),  is  to  prevent  excessive  shrinkii  i«:  dm 

the  drying  of  the  mortar. 

ii  s  which  are  exposed  to  the  action  of  water,  mortars  of 

peculiar  com;  !ermplo\  -«•//</<//•"' 

as  they  are  termed.  ai<  -inin^  mixtur. 

lime  \\ith    from    K»   to   :;n   p.-r  Bent,  of  clay,  \vh.-n    the  1    is 

I  the  lime  combines  with  a    portion    of  the  silicic  acid  from 

tin-  duoiujj  a  silicate  of  lime,  and  probably  also,  with  the  alumina, 

•ilnminate  of  lime.      When  t  he  calcined  mass  is  ground  to  po\\  .|«T 

i  mixed  with  water,  the  silicates  of  alumina  and  lime,  and  the  aluini- 

1  Any  VXCCM  of  c*rfaon»to  of  llm«  »borr  that  required  I  ,U  m*j  be  diMolred  out  l.jr 

•  •.  .-.:,.  MM  PM  i-  ••  i  ,,,.-.,.-,,,.  :,:,,.-•  ,..  vM  vni  .,,..,;  ...  ,,i 
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nate  of  lime,  unite  to  form  h}rdrated  double  silicates  and  aluminates, 
upon  which  water  has  no  action.  Roman  cement  is  prepared  by  cal- 
cining a  limestone  containing  about  20  per  cent,  of  clay,  and  hardens  in 
a  very  short  time  after  mixing  with  water. 

For  Portland  cement  (so  called  from  its  resembling  Portland  stone)  a 
mixture  of  river  mud  (chiefly  clay)  and  limestone  is  calcined  at  a  very 
high  temperature. 

Concrete  is  a  mixture  of  hydraulic  cement  with  small  gravel.  A  speci- 
men of  this  material  from  a  very  ancient  Phoenician  temple  was  as  hard 
as  a  rock,  and  contained  nearly  30  per  cent,  of  pebbles. 

ScotVs  cement  is  prepared  by  passing  air  containing  a  small  quantity 
of  sulphurous  acid,  evolved  from  burning  sulphur,  over  quicklime  heated 
to  dull  redness.  The  setting  of  this  cement  appears  due  to  the  presence 
of  a  small  proportion  of  sulphate  of  lime  very  intimately  mixed  with  the 
quicklime.  The  mixture  of  these  substances  yields  the  cement  b}^  a 
less  circuitous  process. 


GUNPOWDER. 

304.  Gunpowder  is  a  very  intimate  mixture  of  saltpetre  (nitre  or 
nitrate  of  potash),  sulphur,  and  charcoal,  which  do  not  act  upon  each 
other  at  the  ordinary  temperature,  but  when  heated  together,  arrange 
themselves  into  new  forms,  evolving  a  very  large  amount  of  gas. 

In  order  to  manufacture  gunpowder  capable  of  producing  the  greatest 
possible  effect,  great  attention  is  requisite  to  the  purity  of  the  ingredi- 
ents, the  process  of  mixing,  and  the  form  ultimately  given  to  the  finished 
powder. 

CHEMISTRY  OF  THE  INGREDIENTS  or  GUNPOWDER — SALTPETRE. — Nitrate 
of  potash  (KNO3or  K2O.N.,0.),  nitre  or  saltpetre,  is  found  in  some  parts 
of  India,  especially  in  Bengal  and  Oude,  where  it  sometimes  appears  as 
a  white  incrustation  on  the  surface  of  the  soil,  and  is  sometimes  mixed 
with  it  to  some  depth.  The  nitre  is  extracted  from  the  earth  by  treating 
it  with  water,  and  the  solution  is  evaporated,  at  first  by  the  heat  of  the 
sun,  and  afterwards  by  artificial  heat,  when  the  impure  crystals  are 
obtained,  which  are  packed  in  bags  and  sent  to  this  country  as  grough 
(or  impure)  saltpetre.  It  contains  a  quantity  of  extraneous  matter 
varying  from  1  to  10  per  cent.,  and  consisting  of  the  chlorides  of  potas- 
sium and  sodium,  sulphates  of  potash,  soda,  and  lime,  vegetable  matter 
from  the  soil,  sand,  and  moisture.  The  number  representing  the  weight 
of  impurity  present  is  usually  termed  the  refraction  of  the  nitre,  in 
allusion  to  the  old  method  of  estimating  it  by  casting  the  melted  nitre 
into  a  cake  and  examining  its  fracture,  the  appearance  of  which  varies 
according  to  the  amount  of  foreign  matter  present. 

Peruvian  or  Chili  saltpetre  is  the  nitrate  of  soda  (NaNO3  or  Na2O.N2O5) 
found  in  Peru  and  Chili  in  beds  beneath  the  surface  soil.  It  is  often 
spoken  of  as  cubical  saltpetre,  since  it  crystallizes  in  rhombohedra,  easily 
mistaken  for  cubes,  whilst  prismatic  saltpetre,  nitrate  of  potash,  crystal- 
lizes in  six-sided  prisms.  Nitrate  of  soda  cannot  be  substituted  for 
nitrateof  potash  as  an  ingredient  of  gunpowder,  since  it  attracts  moisture 
from  the  air,  becoming  damp,  and  appears  to  be  less  powerful  in  its 
oxidizing  action  upon  combustible  bodies  at  a  high  temperature.  The 
Peruvian  saltpetre,  however,  forms  a  very  important  source  from  which 
to  prepare  the  nitrate  of  potash  for  gunpowder,  since  it  is  easily  con- 


ARTIFICIAL    PRODUCTION    OF   NITRE. 

-  this  salt  by  double  decomposition  with  chloride  of  potn- 
The  latter   salt    is    now    impo:  ,    lan,'e   a   quantity    from    the  salt 

of  Stassfurt! 

eheap.  'e  of  potash,  and    render-  Indian    saltpetre 

of  It's  'aiice  to  the  maiiufact  urer  of  gunpowder. 

In  Onto  t..  understand  the  production  of  the  decomposi- 

tion of  nitrate  of  soda  with  chloride  of  potassium,  it  is  necessary  to  be 
uted  with  the  solubility  of  those  salts  and  of  the  salts  prodi; 
•Mutual  decomposition. 


100  p»ru  of  boiling  water  dlvolve 

218  part*  of  nitrate  of  soda, 
68        "        chlorate  of  potassium, 

200        "        nitnit.- ,,f  potash, 
87        "       chloride  of  sodium. 


100  part*  of  cold  water  dbM> 

60  parts  of  nitrate  of  soda, 
88 

80        "         nitrat<>  of  uvwau, 


'•'•''>        "         chloride  of  sodium 


potash 

i  - 


It  is  a  general  rule  that  when  two  salts  in  solution  are  mixed,  which 
are  capable  of  forming,  by  exchange  of  their  metals,  a  salt  which  is  less 
soluble  in  the  liquid,  that  salt  will  be  produced  and  separated. 

Thus  when  nitrate  of  soda  and  chloride  of  potassium  are  mixed,  and 
the  solution  boiled  down,  chloride  of  sodium  is  deposited,  and  nitrate  of 
potash  remains  in  the  boiling  liquid— 

NaNO,  +  KC1  =     KHO         Vad. 

When  this  is  allowed  to  cool,  the  greater  part  of  tin-  nitrate  of  potash 
tallizes  out,  leaving  the  remainder  of  the  chloride  of  sodium  in  solu- 
tion. 

The  method  usually  adopted  is  to  add  the  chloride  of  potassium  by 
degrees  to  the  boiling  solution  of  nitrate  of  soda,  to  remove  the  chloride 
of  sodium  with  a  perforated  ladle  in  proportion  as  it  is  d, •:  >nd. 

after  allowing  the  liquid   to  rest  for  some  time   to  deposit   suspended 
impurities,  to  run  it  out  into  the  crystalli/ing  pans. 

The  potash-salt    required   Tor  the  eoi  of  nitrate   of  soda   into 

nitrate  of  potash  is  sometimes  obtained  from  the  refuse  of  the  1 
employed  in  the  manufacture  of  sugar. 

ktC  of  potash  is  somctii  :ied  from  the  nitrates  obtained  in 

hich  consist  of  accumulations  of  vegetable  and  animal 

-e  with  limestone,  old  mortar,  ashes,  &c.    These  heaps  are  const  m 

•  u  an  impermeable  clay  floor  under  a  shed  to  protect  them  from  rain. 

One  Side  of  the   heap   18   Usually  vertical  and  exj  !inur 

wind,  the  other  side  being  cut  into  steps  ortti  n  They  are  ooeMtafr 

!  uithstable  draining,  wliiehare  allowed  to  run  into  irn>. 
cut  in  t1  the  heap.      In  such  a  mass,  at  an  atmos- 

'  at  ure  between  fiOc  and  T"      I'.,  nitrates  of  the  \arioiis  l.ases 
are  slowly    formed,   and    beinu    di--ol\,-d    by    the 

.sture,  are  left   by  it.  as  it  evaporates  on  t!  '  side,  in  the  form 

Of  »:  When  this  has  accumulated  in  sutliririit  quantity. 

off,  together  with   a   few    inches  of  the   M  -nth.  and 

i  with  water,  w  hi.  -  the  nitrate-,  whilst   the  midiss,,l\rd 

'i  is  built  up  aur:iin  on  ;  .f  the  heap.      Attei  t\\ 

three    \eais   the  heap  is  ell!  .:  I.       'I'llf  prill- 

'.l  nitrates  win  \edinthe                   •    I  hose  of  potash, 

lime,  magnesia,  ai  last  of  whieh 

into  nitrate  of  potash  by  -i  -h. 

;d  in    these    I                     l-ably    lesiilts    from 
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chemical  changes  similar  to  those  which  occur  in  the  soils  in  which 
nitre  is  naturally  formed,  but,  at  present,  these  changes  are  not  thor- 
oughly explained.  Some  chemists  are  of  opinion  that  the  nitric  acid  is 
formed  by  the  union  of  atmospheric  nitrogen  and  oxygen,  encouraged 
by  the  presence  of  porous  solids,  and  of  matters  undergoing  oxidation. 
The  explanation  which  is  best  supported  by  experimental  evidence  is 
that  which  refers  the  formation  of  nitric  acid  to  the  oxidation  of  ammo- 
nia (p.  161),  evolved  by  the  putrefaction  of  the  nitrogenized  matters 
which  the  heaps  contain,  this  oxidation  also  being  much  promoted  by 
the  presence  of  the  strongly  alkaline  lime,  and  of  the  porous  materials 
capable  of  absorbing  ammonia  and  presenting  it  under  circumstances 
favorable  to  oxidation. 

In  refining  saltpetre  for  the  manufacture  of  gunpowder,  the  impure 
salt  is  dissolved  in  about  an  equal  weight  of  boiling  water  in  a  copper 
boiler,  the  solution  run  through  cloth  filters  to  remove  insoluble  mat- 
ter, and  allowed  to  crystallize  in  a  shallow  wooden  trough  lined  with 
copper,  the  bottom  of  which  is  formed  of  two  inclined  planes  (Fig.  278). 
Whilst  cooling,  the  solution  is  kept  in  continual  agitation  with  wooden 
stirrers,  in  order  that  the  saltpetre  may  be  depos- 
ited in  the  minute  crystals  known  as  saltpetre  flour,  FlG-  27S 
and  not  in  the  large  prisms  which  are  formed  when 
the  solution  is  allowed  to  crystallize  tranquilly,  and 
which  contain  within  them  cavities  inclosing  some 
of  the  impure  liquor  from  which  the  saltpetre  has 
been  crystallized.  The  saltpetre,  being  so  much 
less  soluble  in  cold  than  in  hot  water,  is,  in  great 
part,  deposited  as  the  liquid  cools,  whilst  the  chlo- 
rides and  other  impurities  being  present  in  small 
proportion,  and  not  presenting  the  same  disparity 
in  their  solubility  at  different  temperatures,  are  re- 
tained in  the  liquid.  The  saltpetre  flour  is  drained 
in  a  wooden  trough  with  a  perforated  bottom,  and 
transferred  to  a  washing-cistern,  where  it  is  allowed 
to  remain  for  half  an  hour  in  contact  with  two  or  three  successive 
small  quantities  of  water,  to  wash  away  the  adhering  impure  liquor;  it 
is  then  allowed  to  drain  thoroughly,  and  in  that  state,  containing  from 
three  to  six  per  cent,  of  water,  according  to  the  season,  it  is  ready  to 
be  transferred  to  the  incorporating-mill  or  to  a  hot-air  oven,  where  it  is 
dried  if  not  required  for  immediate  use. 

The  mother-liquor,  from  which  the  saltpetre  flour  has  been  deposited, 
is  boiled  down  and  crystallized,  the  crystals  being  worked  up  with  the 
next  batch  of  grough  nitre.  The  final  washings  of  the  flour  are  returned 
to  the  boiler  in  which  the  grough  nitre  is  originally  dissolved.  When 
the  saltpetre  contains  very  much  coloring  matter,  a  little  glue  or  animal 
charcoal  is  employed  by  the  refiner  to  assist  in  its  removal. 

The  impurities  most  objectionable  in  the  saltpetre  employed  for  gun- 
powder would  be  the  chlorides  of  potassium  and  sodium,  which  cause  it 
to  absorb  moisture  easily  from  the  air;  the  chief  test,  therefore,  to  which 
the  refiner  subjects  it,  is  the  addition,  to  its  solution  in  distilled  water, 
of  a  few  drops  of  solution  of  nitrate  of  silver,  which  causes  a  milkiness, 
due  to  the  separation  of  a  precipitate  of  chloride  of  silver,  if  the  chlo- 
rides have  not  been  entirely  removed.  Moreover,  the  sample  should 
dissolve  entirely  in  water,  to  a  perfectly  clear  colorless  solution,  which 
should  have  no  effect  on  blue  or  red  litmus-paper,  and  should  give  no 
cloudiness  with  chloride  of  barium  (indicating  the  presence  of  sulphates), 


TESTS  FOR  PURITY  OP  SALTPETRE. 

•  ii  oxalatc  of  ammonia  (indicatin  .  these  are  added  t<> 

separate   portions   of  it.      Very  minute   .|iiantities   of   -ulpl,ate«.    .-in. I    of 
lime,  such  as  may  have  been   <l<ri\><i  iv.-m  the  use  of  river-wa 
washing  the  flour,  are  generally  disregard*  I. 

305.  Pr€tjyertie»of  SaUi»tr> .—  Nitrate  «>f  potash  is  usually  distinguish- 
able by  the  long   st  i  iated  »r   uroovd    lix-ffktod  prismatic  form    iii  which 
it  crystallizes  (t  hoi  i  _d  i  it  may  also  be  obtained  in  rhombohedral  ei 
like  those  of  nit  rale,  of  soda),  and  by  tin-  >/•  ilii-/rtiHnn  which  it  produces 
\\hen  thrown  on  red-hot  coals.     It  fuses  at  about  •;»;o     |  .  t..  a  » « 
liquid,  which  solidifies  on  cooling  to  a  translucent   brittle  crvstalline 
mass.     rr>>.  nelle  of  the  shops  consists  of  nitre  which  has  been 

fused  and  cast  into  halls.  At  a  red  heat  it  effervesces  fr<>m  tin 
of  bubbles  of  oxygen,  and  is  converted  into  nitrite  of  potash  <  K  \  <  >  . 
which  is  itself  decomposed  by  a  higher  temperature,  evolving  nitrogen 
and  oxygen,  and  leaving  a  mixture  of  potash  and  peroxide  of  potassium. 
In  contact  with  any  combustible  i.«.d\.  it  undergoes  decomposition  with 
great  rapidity,  five-sixths  of  its  oxyirni  liein-_r  available  I'm-  the  oxidation 
of  the  combustible  substance,  and  the  nitrogen  U-in^  evolved  in  the  free 
state;  tlm>.  in  contact  with  carl. on.  the  decomposition  of  the  nitre  may 
be  represented  1>\  the  equation — 

2(KfO.N,04)     +     C6  2(KfO.CO,)     -f    3CO,    +     N 

•«'  the  combustion  of  a  large  quantity  <>f  material  may  !>o  thus  ef- 
fected in  a  very  small  space  and  in  a  short  time,  the  temperature  pro- 
duced is  much  higher  than  that  obtained  l»y  burning  the  comhii*tiMr  in 
the  ordinary  way.  The  specific  gravity  of  >altpctn-  is  2.07,  so  that  one 
cnl.ic  inch  weighs  523  grain-  i..l,tained  l.y  multiplying:  the  weight  ..t'  a 
cnl.ic  inch  <.f  water,  252.5  grains,  l.y  2.07).  Since  202  grains  cl  moh- 
<  ul.-s)  ,,f  nitre  contain  -  (5  atoms)  of  oxygen  available  for  the 

oxidation  ••!'  ( -..mlMi^t il.le  bodies,  523  grains,  or  one  cubic  inch,  of  nitre 
would  contain  -Jn7  Drains  or  605  cubie  inches  of  available  <>\ \--ii.  a  vol- 
ume which  would  be  contained  in  about  :;<><>!>  rubi"  indie-  ..fair;  hence, 
one  volume  of  saltpetre  represents,  in  its  power  <>f  supporting  combus- 
tion, 3000  volumes  of  atmospheric  air.  It  also  enable-,  -om,-  c.,mbusti- 
ble  substances  to  burn  without  actual  flame,  as  is  exemplified  by  its  n-i- 
in  /oi/.7//.//y.»  /•  or  .</»»»/•  ;•«./•/-///•»•.  which  consists  of  paper  soaked  in  a  weak 
solution  of  saltpetre,  and  dried. 

If  *  continuous  design  be  traced  on  foolscMn  paper  with  a  l.r-i-1.  <li|.; 

30  grains  of  Mltpelre  in  100  Bruins  of  wat.-r,  nn<l  u  v.  it  will  in- 

found   '  one  part  of  the  palt<-rii  i-   t<-u<  }n-<l  with   >t   r<-<l-li<>t 

gradually  burn  it*  WUN 

TIS  of  saltpetre,  80  of  fitilphur,  mi  tytinesaw- 

/•)  will  dotl  --•  H  siinill  silver 

to  a  jjlohul  may  be  praised  d«xvn  in  .1  wrtlfiiit-<lii>ll  or  a  small 

ucible,  and  the  coin  buried  in  it,  the  Bame  of  a  lamp  being  applied  out- 

kide  until  deflai:  ••«. 


i  fulminant  in  a  mixture  of  8  parts  of  saltpetre,  1  part  <>t  «ul|.liur,  f(nd  2  of 

1  |>ota."h,  all  ran-fullT'lrii-il  :  \\li-n  it  i-  h.-nt-'l  ..n  ><M  ir.-n  j.lnt.-,  n- 
takes  place  till  it  begins  to  in  •  tly 


,  CHABOOAL   VOft  G  •  1    has    been    already    de- 

scribed EM  the  •  Q  of  wood,  in  which 

procens  the  li\dio_',-n  and  o\\-,-n  of    i 
pelU-d  in  the  forms  of  wood  naphtha    CH40),  pyroHgn  '     N1'  •. 
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carbonic  acid,  carbonic  oxide,  water,  &c.,  leaving  a  residue  containing 
a  much  larger  proportion  of  carbon  than  the  original  wood,  and  there- 
fore capable  of  producing  a  much  higher  temperature  (p.  99)  by  its 
combustion  with  the  saltpetre.  The  higher  the  temperature  to  which 
the  charcoal  is  exposed  in  its  preparation,  the  larger  the  proportion  of 
hydrogen  and  oxygen  expelled,  and  the  more  nearly  does  the  charcoal 
approach  in  composition  to  pure  carbon  ;  but  it  is  not  found  advan- 
tageous in  practice  to  employ  so  high  a  temperature,  since  it  yields  a 
dense  charcoal  of  difficult  combustibility,  and  therefore  less  fitted  for  the 
manufacture  of  powder. 

The  following  table  exhibits  the  composition  of  dried  alder-wood  and 
of  the  charcoal  obtained  at  different  temperatures.  The  incombustible 
matter  or  ash  of  the  wood  and  charcoal  is  here  omitted. 


In  100  parts. 

Temperature  of 
charring. 

Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

48.63 

594 

44.75 

0.68 

Charcoal,    . 

518°  F. 

71.0 

4.6 

24 

.4 

. 

662° 

77.2 

4.1 

18 

.7 

800° 

82.6 

1.9 

1£ 

.5 

2000° 

83.3 

2.3 

14 

4 

2300° 

89.2 

1.4 

S 

4 

2700° 

954 

0.7 

2 

.9 

Above  3000° 

98.8 

0.6 

c 

.6 

This  table  shows  that  at  temperatures  between  800°  and  2000°  F.,  there 
is  very  little  alteration  in  the  composition  of  the  charcoal,  and  it  is  within 
these  limits  that  the  charcoal  employed  for  the  manufacture  of  gunpowder 
in  this  country  is  prepared.  Between  these  limits,  however,  the  density 
and  consequent  inflammability  of  the  charcoal  vary  considerably,  that 
prepared  at  the  lower  temperatures  igniting  most  readily.  Hence  it  is 
desirable  that  the  temperature  of  carbonization  should  not  exceed  an 
ordinary  low  red  heat  (about  1000°  F.). 

The  charcoal  prepared  between  500°  and  600°  F.,  has  a  brown  color 
(charbon  roux\  and  although  it  is  more  easily  inflamed  than  the  black 
charcoal  obtained  at  higher  temperatures,  the  presence  of  so  large  a  pro- 
portion of  oxygen  so  much  diminishes  its  calorific  value,  that  its  employ- 
ment in  gunpowder  is  not  advantageous.  It  is  used  on  the  Continent 
in  the  manufacture  of  sporting-powder,  and  is  prepared  by  exposing  the 
wood,  in  an  iron  cylinder,  to  the  action  of  high-pressure  steam  heated  to 
about  540°  F. 

Light  woods,  such  as  alder,  willow,  and  dogwood,1  are  selected  for  the 
preparation  of  charcoal  for  gunpowder,  because  they  yield  a  lighter  and 
more  easily  combustible  charcoal,  dogwood  being  employed  for  the  best 
quality  of  powder  for  small  arms.  This  wood  is  chiefly  imported,  since  it 
has  not  been  successfully  grown  in  this  country.  The  wood  is  stripped  of 
its  bark,  and  either  exposed  for  a  length  of  time  to  the  air  or  dried  in  a 
hot  chamber.  Considerable  loss  of  charcoal  takes  place  if  damp  wood 


1  Dogwood  charcoal  is  not  made  from  the  true  dogwood  (Oornus),  but  from  the  alder  buckthorn 
(Rhamnus  frangula),  commonly  called  black  dogwood. 
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ortion  of  the  carbon  being  by  the  steam  at  a 

vmpcrat 
In  <•:  it  thr  wood   in' 

:i   c\  Under  «M  i    of   \\hl< 

by  a  t  i  u  lit  ly- lining  »  "\rr.aml  the 
other  !•>•  a  perforated  plate,  to 
allow  of  the  escape  of  the  gases 
and  vapors  expelled  dunni:  the 
carboni/ation.  This  e\  lino- 
then  intioducedintoa  «-\  limlrical 
cast-iron  retort,  l.nilt  into  :i  brick 
furnace,  ami  provided  willi  a  pipe 

lie  escape  of  the  ; 
iit-t-.  which   are   usually    can  led 
into  the  fun.  -o  be 

consumed.    The  process  of  char- 
ring    occupies     from    2j    to    8^ 
hours,  and  as  soon  as  it  i-  com 
pleted,  which    i*    known    l»y    the 

riolet  tint  of  the  (carbonic ' 

flame  from  the  pipe  h-:i<lin-_r  into 
the  lire,  tin-  slip  i*  Iran-'  :in  iron  1,<..\  or  .  wln-n-  the 

»ul  is  allowed  to  cool.   About  40  Ibs.  of  charcoal  are  ol.tain*  <1  from 
the  above  quantity  of  wood.    Charcoal  prepared  l»y  tlii*  |H-.M-»^-  i>  |] 
of  as  '  "nl,  to  divtinuuish  it  from  ,  //.  pn-pa: 

the  ord'inary  processof  chareoal-lniniiiiu'.  ili-erilied  at  p.  !•;">.  and  \\hieh 
i-  eiupli.yrd  tor  fu-e  i-oinpoxitions,  &CM  bijt  not  for  the  best  gunpowder. 
The  fitness  of  the  ehar.-oal  for  the  mamifaeturo  of  powder  is  generally 
judged  of  liy  itn  physical  characters.  It  is  of  OOQCS4  le  that  the 

-al  .should  be  as  free  from  incomlmMiMe  matti-r  a>  po^NJl,|t..     The 
proportion  of  the  ash  left  by  different  elm-coal*  vaii  i\ .  l.ut 

it  seldom  exceeds  two  per  cent.     This  ash  consists  chii-fly  of  ii, 
Donates  of  potash  and  lime  ;  it  also  contains  phosphate  of  lime,  carbonate 
of  magnesia,  silicate  and  sulphate  of  potash,  chloride  of  sodium,  and  the 
oxides  of  iron  and  manganese. 

charcoal  is  kept  for  about  a  fortnight  before  1  md,  for  if 

•_rroiind  when  fivsh,  before  it  has  absorbed  moiMuiv  from  ih,-  air.  it  is 
liable  to  Hpont:  •mlmstiou.  The  grinding  !««  »-H«.t..l  in  a  mill 

resembling  a  '!.  ami  th-  1. 

•s  of  charcoal    !  alrra-l\    -h'-cril>fd  ;   it>   L'l'eat  ti'll- 

to  absorb   moisture    from  tin-   air    i-   of  -..m,-    imj  n   the 

gnii|io\\der.  from  its  cnusinga  false  estimate  t«»  he  made 
of  the  proportion  ••mj.loye.l.  unless  the  actual  amount  of  water  j 
in  the  charcoal  is  kno\\n. 

.-lie  Driven  to  st  iiarcoal  which  ha\. 

B  coated  with  a  shining  "'lin  of  carbon  left  behind  by  tar 
which  lias  coiidi-n-e>l  upon  it  in  the  retorts;    it  is  sometime- 
the  powder  in  rer. 

•  i-iii  R  FOB  GUNPOWDER.— /n*till*'<l  x»///i/.»//-  ip.  -j 

\    alway-   enjplo\.-.|    lor   tin-    mriiiulaet  nre  of  gunpow  di-t .    tl. 
_  employ-"!  for  fu-e  composition-..  A,-.      Tin-  I 
reason  M   i-   that    the   sublimed   sulphur,   Ic. 

depOHite.l  lining  much  sulphurous  ami  sulpliii! 
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vapors,  its  pores  have  become  charged  with  acid  which  would  be  inju- 
rious in  the  powder;  but  it  has  been  pointed  out  (p.  224)  that  distilled 
sulphur  consists  entirely  of  the  soluble  or  electronegative  variety  of  sul- 
phur, whilst  sublimed  sulphur  contains  a  large  proportion  of  the  insoluble 
or  positive  sulphur,  which  would  probably  influence  its  action  in  gun- 
powder. The  sulphur  should  leave  scarcely  a  trace  of  incombustible 
matter  when  burnt,  and  after  stirring  the  powdered  sulphur  for  some 
time  with  warm  distilled  water,  the  latter  should  only  very  feebly  redden 
blue  litmus.  As  an  ingredient  of  gunpowder,  sulphur  is  valuable  on  ac- 
count of  the  low  temperature  (560°  F.)  at  which  it  inflames,  thus  facili- 
tating the  ignition  of  the  powder.  Its  oxidation  by  saltpetre  appears 
also  to  be  attended  with  the  production  of  a  higher  temperature  than  is 
obtained  with  charcoal,  which  would  have  the  effect  of  accelerating  the 
combustion  and  of  increasing,  b}<  expansion,  the  volume  of  gas  evolved. 
The  sulphur  is  ground  under  edge-runners  (Fig.  280)  and  sifted. 

The  difference  in  the  inflammability  of  sulphur  and  charcoal  is  strikingly  shown 
hy  heating  a  square  of  coarse  wire  gauze  over  a  flame  till  it  is  red-hoi  in  the  centre, 
placing  it  over  a  jar  of  oxygen,  allowing  it  to  cool  till  it  no  longer  kindle-  charcoal- 
powder  sprinkled  through  it  from  a  pepper-box,  and  whilst  the  cloud  of  charcoal  is 
still  floating  in  the  gas,  throwing  in  sulphur  from  a  second  box  j  the  hot  gauze  will 
inflame  the  sulphur,  and  this  will  kindle  the  charcoal. 

An  iron  rod  allowed  to  cool  below  redness  may  be  used  to  stir  a  mixture  of  char- 
coal with  (3  parts  of)  nitre;  but  if  dipped  into  powdered  sulphur,  at  once  inflames 
it,  and  the  flame  of  the  sulphur  will  kindle  the  mixture.  The  effect  of  the  >aii><> 
rod  upon  mixtures  of  nitre  with  charcoal  alone,  and  with  charcoal  and  sulphur,  is 
instructive. 

The  acceleration  of  the  combustion  of  gunpowder  by  the  sulphur  is  well  shoAvn  hy 
laying  a  train,  of  which  one-half  consists  of  a  mixture  of  75  nitre  and  25  chareoni, 
and  the  other  of  75  nitre,  15  charcoal,  and  30  sulphur,  a  red-hot  iron  being  applied 
at  the  junction  of  the  two  trains  to  start  them  together. 

308.  MANUFACTURE  OF  GUNPOWDER — The  proportions  of  the  ingre- 
dients of  gunpowder  have  been  varied 
somewhat  in  different  countries,  the  FIG.  280. 

saltpetre  ranging  from  74  to  77  per 
cent.,  the  charcoal  from  12  to  16,  and 
the  sulphur  from  9  to  12.5  per  cent. 
English  Government  powder  con- 
tains 75  per  cent,  of  nitre,  15  per 
cent,  of  charcoal,  10  per  cent,  of  sul- 
phur. An  extra  pound  of  saltpetre 
is  generally  added  at  Waltham,  to 
compensate  for  loss  in  manufacture. 
The  powdered  ingredients1  are 
first  roughly  mixed  in  a  revolving 
gun-metal  drum,  with  mixing  arms 
turning  in  an  opposite  direction, 
and  the  mixture  is  subjected,  in  incorporating-miii. 

quantities  of  about  50  Ibs.  at  a  time, 

to  the  action  of  the  incorporating  mill  (Fig.  280),  where  it  is  sprinkled 
with  water,  poured  through  the  funnel  (F),  or  from  a  can  with  a  fine 
rose,  and  exposed  to  trituration  and  pressure  under  two  cast-iron  edge- 
runners  (B),  rolling  round  in  different  paths  upon  a  cast-iron  bed,  a  very 


1  The  amount  of  water  in  the  moist  saltpetre  (p.  445)  is  ascertained  by  drying  and  melting  a  weighed 
sample  before  the  proportions  are  weighed  out. 
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re  being  1 1 

•'.I-  Mini    mortar,  the  distribution  of  the   nitre  thmi. 
mass  being  also  assisted  by  its  solubility  in  irafc  r«      \  iroo 

tin-  mill"  _rcd.  and  :i 

.c    mixture    in    tin-    path       (  >f  course,  t  In-  \\a' 

n   deliquesce!, 

ially  chl  '      )  as  possible;  at  Walt  ham 

;    tin-   quantity  required    varies   with   *  ••!'  the 

•  ••I  ae- 

tin-  kind  of  powder  required,  tha  slow-burn  i 

',11011    beiii'_r   sullicieiitlv    incorporated    in   about    ;i    hours. 

>  lioiirs. 
Tin  which  is  thn- 

.       It   is  broken  up  h\   p:issii,_  _;roo\ed  : 

.  nirtul,  ami  is  then  pl:uv«l.  in  hivi-r>  of  al.oiit  lialf  an  inch  thick. 
j>l'«-r  p!:.-  I  in  a  stout  gun-nu-tal  l>o\  lin.  .]  in-i.h- an«l 

ontsiiU-  with  wooil,  in  which  of  an  he 

on  tin-  xjuarc  f<.«.t,  in  a  hyilranlir  pn-ss.  which 

has  the  effect  of  i <h-n-inur  a  larm-r  ipiant it y  Ol  al  into 

a  given  volume,  ami  of  iliiiiinishin-_r  tlie  ten«leney  of  t  he  p-.w.l. 
moisture  from  the  air  ami  to  disintegrate  or  --r  granulation.      The 

.  resembling  slate  in 

\s  far  as  its  chemical  nature  is  concerned,  it   is  finished 

Liunpoudcr.  but  if  it  be  i  and  a  gun  loaded  with  it.  the 

comluistinn  «>f  the  ehar^e  is  found    t"   take   place  too  slou  ly  to  p; 

it-    full    effect.-  pulverulent    form  oilers  SO  great   an  obstacle  to 

the  passage  of  the  flame  by  which  the  coml'  i  from 

:    the  charge  to  the  other.      The  i  must.  theivf..iv.  be 

or  broken  up  into  grains  of  sutlieient  >i/.e  to  allow 

the   ra|»id    pas^au'e  of  the   tlaine    !  icin,  and    the  consequent  im- 

!ie   wh..le  charge.     The  granulation    is  eilccted   by 

crushing    the    press-cake    bet  wee  n  successive  pairs  Of  toot  hed    ^un-nielal 

in    which  it  falls  on  tosic\es.  which  MpantC  it  into  ^,;, 

.  the   du-'.  ,  pasting   through  the  last 

than),   t!  _re    uiain)    j'asses   thmn^li   a 

to    the    inch,    and    is    r- 

the  K.l-.(i.  (ritle  tine  ^rain)  passes  through  :i  1-  mesh  and    i-  n-- 

taincd  The    ^rannla1'  len   arc    freed    from 

<bist    by    passing  them   through    n  s  of  wooden    tVame- 

'.-isi.r   \\i:  Mid    the   line  uraiu  powder   is 

.fiction  of  its  o\\n  -rains  a-  -Ivin^ 

s  are  sometimes  gl  '   with 

.tmdueini:  a   little 

•  li  the  pi>\'  ••  pi  •  \\der  is  dri.'d    in  a  cha:  ••  d    by 

gradual!  •  more 

^,  the   grains    ha\  iii'_r  a  diameter  of  J  to  ^  inch 
.1  n  too  rapidh  .  it  a  strain  upon 

,  the  grains  of  which  \ar\  fmm  ;• 

to  ^  inch    i  ma'le    hithei 

slabs  of  press  \\ithmallctsanncd 

with  I 

prisma'  bv  c«.nv  .,--.\\  (without    jire 
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making  it  into  press-cake)  in  moulds,  with  metal  punches,  whereas  the 
pebble  powder  is  irregular  in  form.  The  prismatic  powder  is  made  with 
perforations  in  the  direction  of  its  length,  to  facilitate  the  passage  of 
flame  through  the  charge. 

Pellet  powder  is  moulded  in  a  similar  manner  into  cylindrical  pellets 
about  i  inch  long,  and  f  inch  in  diameter,  perforated  at  one  end  to  about 
the  centre. 

309.  PROPERTIES  OF  GUNPOWDER. — Good  gunpowder  is  composed  of 
hard  angular  grains,  which  do  not  soil  the  fingers,  and  have  a  perfectly 
uniform  dark-gray  color.  Its  specific  gravit}:  {absolute* density}  as  deter- 
mined bty  the  ^densimeter,1  varies  between  1.67  and  1.84,  and  its  apparent 
density  (obtained  by  weighing  a  given  measure  of  the  grain  against  an 
equal  measure  of  water)  varies  from  0.89  to  0.94,  so  that  a  cubic  foot 
will  weigh  from  55  to  58  Ibs.  When  exposed  to  air  of  average  dryness, 
gunpowder  absorbs  from  0.5  to  1.0  per  cent,  of  water.  In  damp  air  it 
absorbs  a  much  larger  proportion,  and  becomes  deteriorated  in  conse- 
quence of  the  saltpetre  being  dissolved,  and  crystallizing  upon  the  sur- 
face of  the  grains.  Actual  contact  with  water  dissolves  the  saltpetre  and 
disintegrates  the  grains.  When  very  gradually  heated  in  air,  gunpow- 
der begins  to  lose  sulphur,  even  at  212°  F.,  this  ingredient  passing  off 
rapidly  as  the  temperature  rises,  so  that  the  greater  part  of  it  ma}-  be 
expelled  without  inflaming  the  powder,  especially  if  the  powder  is  heated 
in  carbonic  acid  or  hydrogen,  to  prevent  contact  with  air.  If  gunpow- 
der be  suddenly  heated  to  600°  F.  in  air,  it  explodes,  the  sulphur  prob- 
ably inflaming  first ;  but  out  of  contact  with  air  a  higher  temperature  is 
required  to  inflame  it.  The  ignition  of  gunpowder  by  flame  is  not  in- 
sured unless  the  flame  be  flashed  among  the  grains  of  powder;  it  often 
takes  some  time  to  ignite  powder  with  the  flame  of  a  piece  of  burning 
paper  or  stick,  but  contact  with  a  red-hot  solid  body  inflames  it  at  once. 
A  heap  of  good  powder,  when  fired  on  a  sheet  of  white  paper,  burns 
without  sparks  and  without  scorching  or  kindling  the  paper,  which  should 
exhibit  only  scanty  black  marks  of  charcoal  after  the  explosion.  If  the 
powder  has  not  been  thoroughly  incorporated,  it  will  leave  minute  glob- 
ules of  fused  nitre  upon  the  paper.  Two  ounces  of  the  powder  should 
be  capable  of  throwing  a  68-lb.  shot  to  a  distance  of  260  to  300  feet  from 
an  8-inch  mortar  at  45°  elevation. 

This  mode  of  testing  powder  by  the  eprouvette  mortar  is  not  now  ap- 
plied to  Government  powders.  Far  more  accurate  results  are  obtained 
by  measuring  the  velocity  imparted  to  a  projectile  of  known  weight  by 
a  given  charge  of  the  powrder.  The  velocity  is  measured  by  means  of  a 
chronoscope  which  registers  the  distance  travelled  by  the  shot  in  a  given 
time  by  causing  it  to  cut  the  wire  of  one  electrical  circuit  at  the  com- 
mencement of  its  flight,  and  that  of  another  at  the  conclusion,  thus 
telegraphing  its  velocit.y  to  the  instrument-room  at  a  distance. 

Cannon  powder  (R.L.G.)  is  tested  by  firing  a  charge  of  1  Ib.  from  a 
muzzle-loader  rifled  gun,  with  a  12  Ib.  shot.  Small  arm  powder  (R.F.G.) 
is  fired  from  a  Snider-Enfield  or  Martini-Henry  rifle.  The  mean  velocity 
at  a  distance  of  105  feet  from  the  muzzle  is  determined.  For  R.L.G.  it 
amounts  to  about  1000  feet  per  second.  A  charge  of  70  grs.  of  R.F.G. 
in  the  Snider-Enfield  rifle  gives  a  velocity  somewhat  greater  than  this. 


1  Tliis  is  a  simple  apparatus  for  determining  the  weight  of  mercury  displaced  by  a  given  weight  of 
gunpowder  from  which  all  the  ah;  has  been  exhausted. 
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'.plode    irimpov. 

though  it  luis  been  found  possible  t<,  i|.>  so.  especially  on  ir«>i  . 

dentH  appear  to  ha  •  ;  in  thi-  way  hy  tin-  iron   e. !•_'<•  runners 

in  tin-  incorporating  mill,  when  tin-  \vorkin<  ."jleeted  tin-  i 

-  which  arc  laid  down  lor  them.      The  use  of  stone  upon  ir.-n 

in  the  incorporation  is  avoided,  because  of  tin    L'reat  ri-k  of  producing 

-.  ami  cnjiper  i-  employed  in  the  various  fittings  of  a  powder  mill 

Ible. 

The  •  "f  course,  capable  of  firing  gunpowder,  though 

it  i-  not  easy  to  insure  the  inflammation  of  a  charge  by  a  spark  unless 

its  conducting  power  is  slightly  improved  by  keeping  it   a  lit  1.    moist, 

which  may  be  effected  by  introducing  a  minute  quantity  of  chloride  of 

mi. 

310.  -  01    IMPLOSION  OP  GUNPOWDER. — In  the  explosion  of 

jrnnpo wder.  the  oxygen  of  the  nitre  eoiiNcrN  the  carbon  of  the  charcoal 
chietly  into  <-ai bonic  a. -i, ,  ,it  of  \\  hich  assumes  the  gaseous  state, 

whilst  the  remainder  combines  with  the  potash  of  the  nitre  to  l-nn  car- 
bonate of  |X)tash  (K,O.('<  >    .     'I'll*-   L'reatcr  part  of  the    sulphur  is   con- 

into  sulphuric  acid     SO  ).  which  forms  sulphate  of  potash     l\  n. 

The  chief  part  <>f  the  nitrogen  contained  in  the  nitre  is  ftl 
in  the  DDOOffibined  state.     The  rough  chemical  account  «if  the  explosion 
of  irunpowdcr.  therefore,  is  that  the  mixture  of  nitre,  sulphur,  and  char- 
coal is  resolved  into  a  mixture  of  carhonata  of  potash.  of  potash, 
carbonic    acid,  and  nitrogen,  the  two  last  being  gases,  the   •• 
of  which,  when  expanded  by  the  heat  of  the  combustion,  aeconnts  for 
the  mechanical  effect  of  th.                   .11. 

Hut  in  addition  to  these,  several  other  substances  are  found  amount  he 

is  of  the  explosion.      Thus,  the  presence  of  sulphide  of  pota  —  iiim 
be  iec,,._r|ii/ed  by  thcMiifll  of  hylro^ulphiiric  a«-i«l  pr- 

i-tcninLr   t|,,.    solid  residue  in  the   barrel  of  a    <_:un.  ami  hydrosul- 

phuric   add    1 1  aS)  itself  may  often  be  pmefoed  in  Wi  Lra-e-  pr."luccd 

by  the    explosion,  the    hydrocjeii  being   d.-riveil    from    the    charcoal.      A 

little  marsh-gas    i   II  :'•  mm  I  among  the  gases,  being  produced  by 

position  »»f  the  charcoal,  a  portion  of  the  hydrogen  of  which 

dUen^i'-'cd  in  the  free  state.      Carbonic  oxide  (CO    i>  al\\a\  -  de- 
i  among  the  products.     It  is  evident  that  the  collection  t'<>r  analysis 
of  the  products  of  explosion  must  be  attended  with  some  tr-'iib 

•  msiderable  differences  are  to  be  ts  ob- 

by  tlitlerent   operators,  from  the  variation  of  the   cir<  urn- 
under  which  the  powder  is  fired  and  the  products  collected.      When  the 

•  r  is  slowly  burnt,  a  con-  u  of  t  lie  nit  n>L'en  in  the 

•  :M  of  nitric    oxide    u:i-  (  No   .  which  i>  n-.; 

found  among  the  products  of  the  iapi<i  axpiotl ' 

nt  experiments  upon  the  explosion  of  gunpow- 
der have  been  made  under  condit  i  -imiiar  to  those  w  hich  oc.-m 
.  the  |iowder  I  1  in  a  thin  iron  case  and  -us- 
1  in  the    -                     a  -tron-j                      8   exhausted  of  air,  in  which 
••\der  wa^  tiie-1  b\    •                                that   the  <_'a>. 

•-ion  re  i  •  'mi  the  -lobe,  and  could  be  submitted 

tO  ana:  .so  samples  of  p., wder  Wele  thus   examined,  but   then 

rnment  | 
.lowing  table  ; 
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Nitre,     .... 

Sulphur, 

Charcoal,  viz.,  Carbon, 
Hydrogen, 
Oxygen, 
Ash, 


I. 

73.78 

12.80 

1088 

038 

1.82 

0.31 

99.97 


II. 

77.15 
8  63 

11.78 
0.42 
1.79 
0.28 

100.05 


About  570  grs.  of  powder  were  exploded  in  each  experiment.  The  gas 
collected  was  found  to  be  inflammable,  as  would  be  expected  from  the 
flash  which  is  always  perceived  at  the  muzzle  when  a  gun  is  discharged. 


100  grs.  of  sample  I  gave  107.  4  cub.  in.  of  gas  at  32 
u  u      ii      u     1175  u 


°  F.  and  30  in.  Bar. 

u 


The  gases  contained,  in  100  cubic  inches — 

I. 

.     37.58 
.     42.74 


Nitrogen,         . 
Carbonic  acid  (CO2), 
Carbonic  oxide  (CO), 
Hydrogen,       . 

Sulphuretted  hydrogen  (H2S), 
Marsh-gas  (CH4),   . 


10.19 
5.93 
0.86 

2.70 

100.00 


II. 

35.33 
48.90 
5.18 
6.90 
0.67 
3.02 

100.00 


The  products  of  explosion  furnished  by  100  grains  of  each  powder, 
were — 


I. 


II. 


Sulphate  of  potash  (K2O.S03),    . 
Carbonate  of  potash  (K2O.CO2), 

36  95     . 
19.40     . 

.     36.17 
.     20.78 

Hyposulphide  of  potash  (K2O.S2O2),  . 

2.85     . 

1.77 

Sulphide  of  potassium  (K2S), 
Sesquicarbonate  of  ammonia, 

0.11     . 

2.68     . 

0.00 
2.66 

Charcoal,     ...... 

2  67     . 

2.60 

Sulphur,       

4.69     . 

.       1.16 

Nitrogen,     

9.77     . 

.     10.06 

Carbonic  acid  (CO2),  .... 
Carbonic  oxide  (CO),  .... 

17.39     . 
2.64     . 

.    21.79 
1.47 

Hydrogen,  ...... 

0  11 

0  14 

Sulphuretted  hydrogen  (H2S),     . 

027     . 

.       0.23 

Marsh-gas  (CH4),         .... 

0.40     . 

.       0.49 

99.83 


99.32 


In  both  these  cases,  it  will  be  seen  that  if  the  charcoal  and  sulphur 
which  took  no  part  in  the  combustion  be  left  out  of  consideration,  the 
sulphate  arid  carbonate  of  potash  formed  together  more  than  f  of  the 
solid  products  of  explosion ;  and  that  the  carbonic  acid  and  nitrogen 
taken  together  amounted,  in  the  one  case  to  T9^,  and  in  the  other  to  ||  of 
the  gaseous  products.  If  only  the  chief  products  of  the  explosion  be 
taken  into  consideration,  viz.,  sulphate  and  carbonate  of  potash,  car- 
bonic acid,  carbonic  oxide,  and  nitrogen,  the  following  equation  is  the 
simplest  which  can  be  constructed  from  the  above  numerical  data : 


7  (K2O.N205) 


C12  =  4(K2O.S03)  +  3(K2O.CO2)  +  8C02 


CO. 
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This   equation,  however,   would     ami  would  i 
ID  rose  nt  a  cmnoowder  com  nosed  of    decomposition  to  be—- 


represent a  gunpowder  com|x)8ed  of 

.  *::  s 
7.5 
86 


•position 

• 

•lash, 

:idd, 

11.-; 
)  •". 


Reasoning  from  analogy  with  other  chemical  operations,  it   seems 
probable  t  ha  .powder  really  im-.  .ml.erof 

Chemi.-al  chaiiiz'-s  which  cannot    !.»•  -inij  :.,n. 

ami  that  whiUt   the  abo\v  equation,  or  some  similar  one,  represents  the 
principal    reaction   which   takes  place  (luring  the  explosion,  fcl 
other  minor  reactions  in  progress,  the  products  of  which  are  found  in 
smaller  quantity. 

.'III.    <  '  \!  NPOWDEB Tli- 

chanical  lore*-  exerted  in  the  explosion  of  Lrunpowder  depends  upon  tin- 
production  of  \  "lu me  of  gas  from  a  small  volume  of  so!i«l.  the 
volume  of  the  gas  being  increased  by  the  e\  -he  heat 
generated  in  thr  Combustion  of  the  charcoal  and  sulphur.  To  «•:»!< •-. 
the  amount  of  this  mechanical  force,  it  is  necessary  to  ascertain  the 
volume  of  gas  which  would  be  evolved  by  a  given  volume  of  p«. \\-ler. 
and  the  .  which  this  gas  would  be  expanded  by  the  heat  at  the 

Hit    of  e\p lotion. 

In  order  to  illustrate  this  calculation,  let  it  be  assumed  that  the 
given  above  correctly  represents  the  explosion  of  the  pow-i- 

1 '  N'A)  +  S4  +  C,,=  4(^0.80.)  +  SCK/XCO.)  -f  SCO,  +  Nu  +  CO. 

v,  it  is  calculated  from  the  Table  of  Atomic  Weights  that 

TfK.O.I^O.)       (202     x     7)     =    1414  grain*. 

(82    X     4)    -      1*8      '' 
Cu  (12     x   12)     =      144      " 

..wil.-r,         .         .         1C86      " 

At  60°  P.,  and  SO  In.  Bar. 

SCO,       (44     x     8)    =    852  grains    =    744.0  cub.  inches. 
UN  !  I      X    14)     —     190     >< 

=      28     "          =      98.0 

1487.8 

c  it  appears  i  grains  of  gunpowder  would  yi»-ld   1487.8 

i  M  hes  of  gas  measured  at  60°  F.  ami  .:•'  in.  l>arometi-ic  prei 

of  the   |.owder  weighs  58  I'1      .  --ubic  inch  \\ill 

weigh  234.9  •_'  otr«  -"7  <-ul»ic  indies  of  gas  inea^m.'d  at 

60°  I 

'.vder  depends    Upon  t  he 

t' this  gas  at  the  |>eriod  of  t  i   in  order  t..  cal<-: 

What  WOUld   be   its   telilj 

im.-nt  has  shown  that  • 

part  by  weight  of  gunpowder  is  able  to  raise  the  torn] 

:-.:..: 
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parts  by  weight  of  water  from  0°  C.  to  1°  C.,  or  to  raise  the  temperature 
of  one  part  by  weight  of  water  from  0°  C.  to  619.5°  C.,  supposing  the 
water  to  be  capable  of  bearing  so  great  an  elevation  of  temperature  with- 
out change  of  state. 

This  result  is  generally  expressed  by  saying  that  the  combustion  of  the 
powder  evolves  G19.5  units  of  heat  (the  unit  of  heat  being  the  quantity 
required  to  raise  1  part  by  weight  of  water  from  0°  C.  to  1°  C.). 

But  the  products  of  the  explosion  of  powder  will  be  raised  to  a  higher 
temperature  than  619.5°  C.,  because  their  specific  heat  is  lower  than  that 
of  water. 

For  the  purpose  of  this  calculation,  the  specific  heat  of  a  substance 
may  be  defined  as  the  quantity  of  heat  required  to  raise  1  gr.  of  the  sub- 
stance through  1°  of  the  thermometer,  water  being  taken  as  the  unit. 

It  is  evident  that  if  the  specific  heat  of  each  product  of  the  explosion 
be  multiplied  by  the  actual  weight  of  that  product,  the  result  will  be  the 
quantity  of  heat  required  to  raise  that  product  1°  in  temperature. 

The  specific  heats  of  the  products  have  been  ascertained  by  experiment, 
and  are  contained  in  the  first  column  of  figures  in  the  following  table. 
The  actual  weight  of  each  product  from  the  explosion  of  1  gr.  of  powder 
is  contained  in  the  second  column,  and  the  third  column  shows  the 
quantity  of  heat  required  to  raise  each  product  1°  C.  (representing  as 
unity  the  quantity  of  heat  required  to  raise  1  gr.  of  water  from  0°  C. 
to  1°  C.). 


SJHM-.  Heat. 


Sulphate  of  potash,  . 
Carbonate  of  potash, 
Carbonic  acid, 
Nitrogen, 
Carbonic  oxide, 


From  1  gr. 
powder. 


0.1901  x  0.412  =  0.07832 

0.2162  x  0.246  =  005319 

02164  x  0.209  =  0.04-VJ3 

0.2440  X  0.116  =  002830 

0.2479  0017  =  0.00421 


0.20925 


The  quantity  of  heat,  therefore,  which  is  required  to  raise,  through 
1°  C.,  the  joint  products  of  the  explosion  of  one  grain  of  gunpowder  is 
0.20925  of  the  above-mentioned  unit. 

Dividing  the  619.5  units  of  heat  generated  in  the  explosion,  by  the 
quantity  of  heat  required  to  raise  the  joint  products  through  one  degree, 
viz.,  0.20925,  we  obtain  2960°  C.  (=  5328°  F.)  for  the  number  of  de- 
grees through  which  the  products  will  be  raised  by  the  explosion,  i.  e., 
for  the  temperature  of  the  products  at  the  moment  of  explosion.1 

It  remains  to  be  ascertained  what  volume  would  be  occupied,  at  5328° 
F.,  by  the  207  cubic  inches  of  gas  at  60°  F.  evolved  from  one  cubic  inch 
of  powder. 

The  expansion  which  gases  suffer  when  heated  amounts  to  ^JT  of  their 
volume  at  32°  F.  for  each  degree  Fahrenheit. 

Thus  491  volumes  of  gas  at  32°  F.  become 
492          "  "         33°  F., 

and,  if  heated  28°  above  32°,  i.  e.,  to  60°  F.,  they  would  become  491  +  28, 
or  519  volumes.  If  the  491  volumes  be  heated  to  5328°  F.,  or  5296° 
above  32°,  they  will  expand  to  491  +  5296,  or  5787  volumes. 

The  volume  of  the  gas  at  the  moment  of  explosion,  therefore,  will  be 
ascertained  from  the  following  proportion — 

1  Strictly  speaking,  32°  F.  should  be  added,  on  account  of  the  different  positions  of  the  zero  in  the 
two  scales,  but  it  would  not  materially  affect  the  result. 
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Volt,  at  60°  P.     VoU.  at  6828°  P.  at  60°  P.      Cub.  in.  At  6828°  P. 

5787  Ml  : 


!i  which   it  appears  th:r  Me  inch  of  powder  would  evolve  a 

quantity  of  gas  measuring  2308  cuhic   inches  at   the   moment  of  ex- 
plot] 

the  pressure  exerted  by  gases  upon  the  sides  of  a  containing 
space  i>  inversely  as  their  volume,  the  gas  evolve.  1  fn.m  a  enl.ir  in. 
powder,  it*  developed  in  a  space  exactly  filled  by  the  powder,  would  exert 
a  pressure  of  2308  atmospheres,  or  <»r  15  J  tons  upon   the 

square  inch. 

It  u  in  re  -upposed,  of  course,  that  the  whole  of  the  gas  is  evolved  at 

;  i>  imme  >ed  to  the  same  temperature.!  -«nn  liti 

fullilled  in  the  tis<  ...\vder  in  small  arms  or  in  cannon,  \\here  the 

Ion  of  the  chin-ire  i>  not  itiM  anl  aneotiH,  but  rapidly  pn»i:re  — 

I'idly  enlarged  1>\    the  ni«.\einent   of  the 

.tile  long  before  the  whole  of  the  charge  has  exploded,  and  \\  ! 
the  heated  gas  is  cooled  by  contact  with  the  metal  of  the  piece. 

ulculation  Riven  above  can  be  regarded  only  as  an  illustration  of  th<>  n< 
as  there   am  sevi-n  >n  arrived  at.      The 

il  •  ••|iinti"M  on  whieh  it  is  based  is  confer 

We  know  link  or  not  hint;  of  ti  -lie  products  at  the  n 

••  explosion,  it    i-  ;•  •  t    from  that  all 

:n<-  tip-in.      Fr..tii\s!  >f  hoat  up 

carlx  it  i-  alniM-t  «  ••rtnin  that  the*e  g^a«e0areat  least  partially  resolved  int-» 

th<-ir  .-I.  -in.  'lit-  lit  tin-  niorm-nt  ..f  .-x|.lo«ion.  ami  it  i»  searroiy  lik«-l  y  that  thi-ron, 
•  <f  -ulphati-  iui'1  <>f  potash  would  exist  at  so  hiijh  a  ten 

kemoleeolM  of  carvoaleaeidyMilpbateandoarDODateor  potash, 
would  MI.T.-M-.-  tin-  r-.xpan>i»D,  mid  r.-n.l.-r  the  above  estimate  of  the  force  of  fired 

low. 

tits  have  !>•  <at  the  gases  were 

lined,  whrr  .  hirh  powd 

expn-  posed  by  th<>  projectile.     The  subjoined  table  shows  that  the  sp< 

heat*  of  the  giue*,  when  restrained  from  expanding,  are  much  1<> 

Specific  I  feats. 

.stant  pre«nre  and  r»rjr-    At  rarylnz  prewarc  and  con- 
ing rolunii-  (uncooftoed).  stmnt  volume  (confined). 

N  0.2440        .         .         .         01717 

.0.24  0  : 

CO,  .     0.2164  .         (i  17"J 

•i  in  tho  «poriflr  h<>at«  "f  th<-   products  would  ol.  th.- 

nt  of  explosion,  and  th«-r.-t.  • 
Tne  n  of  expansion  of  ^asesntso  high  a  temperature  is 

are  tome 
of  a  want  of  at^reom  >n*. 

ws  have  shown  that,  ov«>n   at  a  pressure  of  lOOatmos- 

••  pressure 
gt*  is  inversely  as  it 

•J     !     M 


nade  upon  a  similar  plan  to  1 

arger  charge?-  .  and  in  a  vessel  pr<>vid<d  Her  gauge, 

.•i»ii«tor*  the  pressure  at  the  mon  •  -fa  soft 


n  a  vessel  provided  with  i\  --rutHer yat 
h  roisters  the  premmre  a  -i.-nhy  th-  ri.inprvv.ion  of  ai 
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can  be  kindled;  thus  a  single  fragment  of  powder  weighing  10  grains, 
even  if  it  were  instantaneously  kindled  over  its  entire  surface,  could  not 
evolve  so  much  gas  in  a  given  time  as  if  it  had  been  broken  into  ten 
separate  grains,  each  of  which  was  kindled  at  the  same  instant,  since  the 
inside  of  the  large  fragment  can  only  be  kindled  from  the  outside.  Upon 
this  principle  a  given  weight  of  powder  in  large  grains  will  occupy  a 
longer  period  in  its  explosion  than  the  same  weight  in  small  grains,  so 
that  the  large-grain  powder  is  best  fitted  for  ordnance,  where  the  ball  is 
very  heavy,  and  the  time  occupied  in  moving  it  will  permit  the  whole  of 
the  charge  to  be  fired  before  the  ball  has  left  the  muzzle,  whilst  in  small 
arms  with  light  projectiles,  a  finer  grained  and  more  quickly  burning- 
charge  is  required.  If  the  fine-grain  powder  were  used  in  cannon,  the 
whole  of  the  gas  might  be  evolved  before  the  containing  space  had  been 
sensibly  enlarged  by  the  movement  of  the  heavy  projectile,  and  the  gun 
would  be  subjected  to  an  unnecessary  strain;  on  the  other  hand,  a  large- 
grain  powder,  in  a  musket,  would  evolve  its  gas  so  slowly  that  the  ball 
might  be  expelled  with  little  velocity  by  the  first  half  of  it,  and  the  re- 
mainder would  be  wasted.  There  is  good  reason  to  believe  that  even 
under  the  most  favorable  circumstances,  a  large  proportion  of  every  charge 
of  powder  is  discharged  unexploded  from  the  muzzle  of  the  gun,  and  is 
therefore  wasted.  In  blasting  rocks  and  other  mining  operations,  the 
space  within  which  the  powder  is  confined  is  absolutely  incapable  of  en- 
largement until  the  gas  evolved  by  the  combustion  has  attained  sufficient 
pressure  to  do  the  whole  work,  that  is,  to  rend  the  rock,  for  example, 
asunder.  Accordingly,  a  slowly  burning  charge  will  produce  the  effect, 
since  the  rock  must  give  way  when  the  gas  attains  a  certain  pressure, 
whether  that  happens  in  one  second  or  in  ten.  Indeed,  a  slowly  burning 
charge  is  advantageous,  as  being  less  liable  to  shatter  the  rock  or  coal,  and 
bringing  it  away  in  larger  masses  with  less  danger.  Nitrate  of  baryta  and 
nitrate  of  soda  are  sometimes  substituted  for  a  part  of  the  nitrate  of 
potash  in  mining  powder,  its  combustion  being  thus  retarded. 

The  same  charge  of  the  same  powder  produces  very  different  results  when  heated 
in  different  ways.  If  5  grs.  of  gunpowder  be  placed  in  a  wide  test-tube,  and  fired  by 
passing  a  heated  wire  into  the  tube,  a  slight  puff  only  is  perceived  ;  but  if  the  same 
amount  of  powder  be  heated  in  the  tube  by  a  spirit-lamp,  it  will  explode  with  a  loud 
report,  and  perhaps  shatter  the  tube  (a  copper  or  brass  tube  is  safer).  In  the  first 
case,  the  combustion  is  propagated  slowly  from  the  particle  first  touched  by  the  wire  ; 
in  the  second,  all  the  particles  are  raised  at  once  to  pretty  nearly  the  same  tempera- 
ture, and  as  soon  as  one  explodes,  all  the  rest  follow  instantaneously. 

When  gunpowder  is  slowty  burnt,  the  products  of  its  decomposition  are 
different  from  those  mentioned  above  ;  thus,  nitric  oxide  (NO),  arising 
from  incomplete  decomposition  of  the  nitre,  is  perceived  in  considerable 
quantity,  and  may  be  recognized  by  the  red  color  produced  when  it  is 
brought  in  contact  with  air. 

The  white  smoke  resulting  from  the  explosion  of  gunpowder  consists 
chiefly  of  the  sulphate  and  carbonate  of  potash  in  a  very  finely  divided 
state ;  it  seems  probable  that  at  the  instant  of  explosion  they  are  con- 
verted into  vapor,  and  are  afterwards  deposited  in  a  state  of  minute 
division  as  the  temperature  falls.  The  fouling  or  actual  solid  residue  in 
the  gun  is  very  trifling  when  the  powder  is  dry  and  has  been  well  incor- 
porated; a  damp  or  slowly  burning  powder  leaves,  as  might  be  expected, 
a  larger  residue.  The  residue  always  becomes  wet  on  exposure  to  air, 
from  the  great  attraction  for  moisture  possessed  by  the  carbonate  of 
potash  and  sulphide  of  potassium. 

When  10  grains  of  Waltham  Abbey  gunpowder  are  fired  in  a  strong  air-tight  cylin- 
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wise,  the  firing  of  the  powder  in  grains,  of  the  dust  and  of  the  mixed  ingredients 
without  incorporation,  observing  especially  the  difference  in  rapidity  of  burning  and 
in  the  amount  of  residue. 


CHEMISTRY  OF  FUEL. 

313.  Several  of  the  applications  of  chemical  principles  in  the  combus- 
tion of  fuel  have  been  already  explained  and  illustrated.  The  object  of 
this  chapter  is  to  compare  the  chemical  composition  of  the  most  impor- 
tant varieties  of  fuel,  and  to  exemplify  the  principles  upon  which  their 
heating  power  may  be  calculated  from  the  results  furnished  by  the 
analysis  of  the  fuel. 

All  the  varieties  of  ordinary  fuel,  of  course,  contain  a  large  propor- 
tion of  carbon,  always  accompanied  by  hydrogen  and  oxygen,  and  some- 
times by  small  proportions  of  nitrogen  and  sulphur.  Certain  mineral 
substances  are  also  contained  in  all  solid  fuels,  and  compose  the  ash 
when  the  fuel  is  burnt. 

For  all  practical  purposes  it  may  be  stated,  that  the  amount  of  heat 
generated  by  the  combustion  of  a  given  weight  of  fuel  depends  upon 
the  weights  of  carbon  and  hydrogen,  respectively,  which  enter  into  com- 
bination with  the  oxygen  of  the  air  in  the  act  of  combustion  of  the  fuel. 

It  has  been  ascertained  by  experiment  that  1  grain  of  carbon  (in  the 
form  in  which  it  exists  in  wood  charcoal),  when  combining  with  oxygen 
to  form  carbonic  acid,  produces  a  quantity  of  heat  which  is  capable  of 
raising  8080  grains  of  water  from  0°  to  lc  of  the  Centigrade  thermome- 
ter. This  is  usually  expressed  by  saying  that  the  calorific  value  of 
carbon  is  8080,  or  that  carbon  produces  8080  units  of  heat  during  its 
combustion  to  carbonic  acid.  If  the  fuel,  therefore,  consisted  of  pure 
carbon,  it  would  merely  be  necessary  to  multiply  its  weight  by  8080  to 
ascertain  its  calorific  value. 

1  grain  of  hydrogen,  during  its  conversion  into  water  by  combustion, 
evolves  enough  heat  to  raise  34,400  grains  of  water  from  0°  C.  to  1°  C., 
so  that  the  calorific  value  of  hydrogen  is  34,400. 

If  the  fuel  consisted  of  carbon  and  hydrogen  only,  its  calorific  value 
would  be  calculated  by  multiplying  the  weight  of  the  carbon  in  one 
grain  of  the  fuel  by  8080,  and  that  of  the  hydrogen  by  34.400,  when  the 
sum  of  the  products  would  represent  the  calorific  value.  But  if  the  fuel 
contains  oxygen  already  combined  with  it,  the  calorific  value  will  be 
diminished,  since  this  oxygen  will  consume  a  part  of  the  combustible 
without  generating  heat,  because  it  already  exists  in  a  state  of  combina- 
tion with  the  carbon  and  hydrogen  of  the  fuel.  For  example,  1  grain 
of  wood  contains  0.5  grain  of  carbon,  0.06  of  Iwdrogen,  and  0.44  of 
oxygen.  Now,  oxygen  combines  with  one-eighth  of  its  weight  of  hydro- 
gen to  form  water,  so  that  the  0.44  grain  of  oxygen  will  convert  .44  -=- 
8  =  .055  of  the  hydrogen  into  water,  without  evolution  of  available 
heat,  leaving  only  0.005  available  for  the  production  of  heat.  The 
calorific  value  of  the  wood,  therefore,  would  be  represented  by  the  sum 
of  0.005  X  34,400  (=  172)  and  0.5  X  8080  (==  4040),  which  would 
amount  to  4212;  or  1  grain  of  wood  should  raise  4212  grains  of  water 
from  0°  C.  to  1°  C. 

These  considerations  lead  to  the  following  general  formula  for  cal- 
culating the  calorific  value  of  a  fuel  containing  carbon,  hydrogen,  and 
oxygen,  where  c,  7?.,  and  o  respectively  represent  the  carbon,  hydrogen, 
and  oxygen  in  one  grain  of  fuel. 
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.  aloritic  value  (or  number  of  grains  of  water  which  migli 
heated  by  the  fu,  -1  from  0°  C.  to  1°  C.)  =  8080  c  +  34,400  (/.-        ) 

8080  c  +  34,400  h  —  4300  o. 

•  •aloritie  value  of  a  fuel,  as  determined  by  experiment.  is  -enerally 
less  than  would   l»e  ealeuliitcd   from   its  chemical  composit  imi. 
quen.e   nf  the   absorption    of  a   certain    amount    of  beat   attending  the 

-H  of  the  fuel.     In  the  case  of  compounds  of 

bon  ami  hydn.gen.  it  has  been  observed  that  even  when  they  have  the 
same  composition    in   loo   ;  .-y  have   not   of  necessity  the  same 
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i  the  1  1  nan  tit  \  of  heat  absorbed  during  its  •  leeo  m  p..-  it  'n.n.  Thus 
oleflant  gas  (C,H4)  and  cet  \  lene  M1..  1  1  tuu  I  the  -a  me  percentage  com- 
tiieir  calculated  calorific  values  would  l>e  identical,  but  the 
former  i-,  found  to  produce  ll.s.'.s  units  of  heat,  and  the  latter  only 
1  IJi.Vi.  As  a  general  rule,  however,  it  is  found  that  the  calorific  values 
of  the  hydrocarbons  which  contain  a  multiple  of  CH,,  agree  more  nearly 
with  the  calculated  numbers  than  do  those  of  hydrocarbons  which  belong 
to  the  marsh-gas  series. 

It  must  be  remembered  that  the  calorific  value  of  a  fuel  represents  the 
actual  amount  of  heat  which  a  given  weight  of  it  i-  capable  of  producing, 
and  i-  «|iiite  independent  of  the  manner  in  which  the  fuel  is  burnt.    Thu-. 
a  hundredweight  of  coal  will  produce  precisely  tin-  same  amount  of  i 
in  an  ordinary  grate  as  in  a  wind-furnace,  though  in  the  foi  the 
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that  ///«»•,  a  greater  weight  of  fuel  will  be  consumed  and    n  will 

be  produced  ;  hence  the  lire  will  have  a  higher  temperature,  for  the  tem- 
perature represent-,  not  the  quantity  of  heat  present  in  a  given  mass  of 
tar,  but  the  intensity  ,  or  extent  to  which  that  heat  is  accumulated  :it 
OOlAI  point      In  the  case  of  the  \\ind-furnace  here  cited,  a  fur- 
antage  is  gained  from  the  circumstance,  that  the  ra|»id  draught 
of  air  allows  a  given  weight  of  fuel  to  be  con-unicd  in  a  smaller  space, 
and,  of  course,  the  smaller  the  area  over  which  a  given  quantity  of 
is  di  i.  the  higher  the  temperature  \\ithin  that  area  (as  exempli- 
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of  raising  8080  grains  of  water  from  0°  to  1°  C.,  or,  on  the  supposition 
that  the  water  would  bear  such  an  elevation  of  temperature,  the  1  grain 
of  carbon  would  raise  1  grain  of  water  from  0°  to  8080°  C.  If  the  specific 
heat  (or  heat  required  to  raise  1  grain  through  1°,  see  p.  455)  of  carbonic 
acid  were  the  same  as  that  of  water,  8080°  divided  by  3.67  would  repre- 
sent the  temperature  to  which  the  3.07  grains  of  carbonic  acid  would  be 
raised,  and  therefore  the  temperature  to  which  the  solid  carbon  pro- 
ducing it  would  be  raised  in  the  act  of  combustion.  But  the  specific 
heat  of  carbonic  acid  gas  is  only  0.2163,  so  that  a  given  amount  of  heat 
would  raise  1  grain  of  carbonic  acid  to  nearly  five  times  as  high  a  tem- 
perature as  that  to  which  it  would  raise  1  grain  of  water. 

Dividing  the  8080  units  of  heat  (available  for  raising  the  temperature 
of  the  carbonic  acid)  by  0.2163,  the  quantit}^  of  heat  required  to  raise  1 
grain  of  carbonic  acid  1°,  we  obtain  37,355  for  the  number  of  degrees 
through  which  1  grain  of  carbonic  acid  might  be  raised  by  the  combus- 
tion of  1  grain  of  carbon.  But  there  are  3.67  grains  of  carbonic  acid 
formed  in  the  combustion,  so  that  the  above  number  of  degrees  must  be 
divided  by  3.67  in  order  to  obtain  the  actual  temperature  of  the  carbonic 
acid  at  the  instant  of  its  production,  that  is,  the  temperature  of  the  burn- 
ing mass.  The  calorific  intensity  of  carbon  burning:  in  pure  oxygen  is, 
therefore  (37,355°  C.  -r-  3.67  =)  10,178°  C.  or  18,352°  F.  But  if  the 
carbon  be  burnt  in  air,  the  temperature  will  be  far  lower,  because  the 
nitrogen  of  the  air  will  absorb  a  part  of  the  heat,  to  which  it  contributes 
nothing.  The  2.67  grains  of  ox3rgen  required  to  burn  1  grain  of  carbon 
would  be  mixed,  in  air,  with  8.93  grains  of  nitrogen,  so  that  the  8080 
units  of  heat  would  be  distributed  over  3.67  grains  of  carbonic  acid  and 
8.93  grains  of  nitrogen.  Since  the  specific  heat  of  carbonic  acid  is 
0.2163,  the  product  of  3.67  X  0.2163  (or  0.794)  represents  the  quantity 
of  heat  required  to  raise  the  3.67  grains  of  carbonic  acid  from  0°  to  1°  C. 

The  specific  heat  of  nitrogen  is  0.2438 ;  hence  8.93  X  0.2438  (or 
2.177)  represents  the  quantity  of  heat  required  to  raise  the  8.93  grains 
of  atmospheric  nitrogen  from  0°  to  1°  C. 

Adding  together  these  products,  we  find  that  0.794  +  2.177  =  2.971 
represents  the  quantity  of  heat  required  to  raise  both  the  nitrogen  and 
carbonic  acid  from  0°  to  1°  C. 

Dividing  the  8080°  by  2.971,  we  obtain  2720°  C.  (4928°  F.)  for  the 
number  of  degrees  through  which  these  gases  would  be  raised  in  the 
combustion,  i.  e.,  for  the  calorific  intensity  of  carbon  burning  in  air.  By 
heating  the  air  before  it  enters  the  furnace  (as  in  the  hot-blast  iron  fur- 
nace), of  course  the  calorific  intensity  would  be  increased ;  thus  if  the 
air  be  introduced  into  the  furnace  at  a  temperature  of  600°  F.,  it  might 
be  stated,  without  serious  error,  that  the  temperature  producible  in  the 
furnace  would  be  5528°  F.  (4928°  +  600°).  The  temperature  might  be 
further  increased  by  diminishing  the  area  of  combustion,  as  by  employ- 
ing very  compact  fuel  and  increasing  the  pressure  of  the  blast. 

In  calculating  the  calorific  intensity  of  hydrogen  burning  in  air,  from 
its  calorific  value,  it  must  be  remembered  that  in  the  experimental  deter- 
mination of  the  latter  number,  the  steam  produced  in  the  combustion 
was  condensed  to  the  liquid  form,  so  that  its  latent  heat  was  added  to 
the  number  representing  the  calorific  value  of  the  hydrogen ;  but  the 
latent  heat  of  the  steam  must  be  deducted  in  calculating  the  calorific  in- 
tensity, because  the  steam  goes  off  from  the  burning  mass  and  carries 
its  latent  heat  with  it. 

1  grain  of  hydrogen,  burning  in  air,  combines  with  8  grains  of  oxygen, 
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0°tO  lJC.)w.  mperature  a-  indicated  by  t  :  >me- 

us  of  wat.  i  the  <•«.  ml.  nation  of  1  grain  of 

1.  \dro-r  n  will  absorb,  or  render  Ini  <  '.»        4^:j:;   unit- 

. 

of  1  grain  of  hydrogen.  there    :  units  of  ln-:it  available  for 

,reof  the   '.»  grains  of  stean  it   of 

aim  :,ii  lo.jni.     The  specific  hent  being  0.480,  the  num- 

-0  X  9  =)  I.-'!-'  repre-eiit-  the  «juant 
tin  of  bteani  thnxi-h   1      ('.:   ami  tin-   specific  heat  of  nitrogen 

miiltiplic<i  by  it-  weifll  units  of  . 

tired  t«»  n  grains  of  nitrogen  through  1     (  .     Ky  <li\i«l 

i  la-  available  heat  "int  qiiaiilities  re.|iiir»-«l  to 

raise  the  steam  ami  nitrogen  thn.u-jh  1     0.  (  \.'->~2  -r  i-.."i:j  =  10.85),  we 

.r  the  calorific  intensity  of  hy- 
M  burning  in  air. 

M.-th.»l  <>f  irto  intensity  of  a  fuel  composed  of  carbon, 

livilri>i;«'n,  and  oxygen,  will  nou 

and  A  respectively  represent  tin-  \v«-ighu  of  carbon  and  hydrogen  it 

of  fuel,  and  o  that  of  the  oxygen.    Then  —  =  weight  of  hydrogen  required  to  con- 
v.  Tt  the  oxygen  into  water,  and  A  —  ^  represenU  the  hydrogen  which  is  available 

for  the  production  of  I  ,         ,.  ^ 

8080  e  +  84,400  (  A  -  £  \  repre«enU  the 

calorific  valuo  in  °C.,  =  8080  c  -f  84,400  A  —  4800  o. 
2.67  e  =  atmospheric  oxygen  consumed  by  the  carbon  ; 

8  (  A  —  g  J  or  8  A  —  o  =  atmospheric  oxygen  consumed  by  the  hydrogen  available 

a*  fiH-l. 

8  84  (2.07  r  -f  8  A  —  o)  =  atmospheric  nitrogen  =  8.02  e  -f  26.72  A  —  8.84  o. 

Is  by  the  specific  neat  of  nitrogen  0  2488,  we  obtain  — 
1  A  —  081  o  for 

. 

1°  ('  <   ii.-iit  required  to  raise  the  steam  throut; 

-•  »ftOc  +  84,400  A  —  4800o,  must  be  divided  by  0.794  c~   i 
7  r  -f  6.61  A  —  0  81  o),  or  2.96  e  +  10.88  A  —  0.81  o  in  order  to  obtain  1  1 

Centigrade  degrees,  of  a  fuel  composed  of  carbon, 
presented  by  the  formula  — 

80SOC  +34.400 
"£9tFc+  10.83A  —  •' 

.il  calorili  ;.-!  is  not  so  high  as  it  should  I  e 

•  riling  l«  i  hydrn^r,  ... 

;iU>  gas  by  "f  t  !.-•  furl,  and  this  gas  is  n«t 

.it  its   calorili'  1  to 

:ie  burning  soli.  I  ma--. 

CO),  (  -illy  if  the  supply  of  air  be   im- 

ni«l    mm  i  I  than  if  the    carbon  \\eiv    OOO« 

16  that  thi-   carbonic   o\i«le 
iinc'l    abo\r   the    lire  by  -ii].  plying   air  to  it,  the    heat    thus 
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produced  does  riot  increase  the  calorific  intensity  or  temperature  of  the 
fire  itself. 

One  grain  of  carbon  furnishes  2.33  grains  of  carbonic  oxide.  These 
2.33  grains  of  carbonic  oxide  evolve,  in  their  combustion,  5599  units  of 
heat.  But  if  the  1  grain  of  carbon  had  been  converted  at  once  into 
carbonic  acid,  it  would  have  evolved  8080  units  of  heat,  so  that  8080  — 
5599,  or  2481,  represents  the  heat  evolved  during  the  conversion  of  1 
grain  of  carbon  into  carbonic  oxide,  showing  that  a  considerable  loss  of 
heat  in  the  fire  is  caused  by  an  imperfect  supply  of  air.  It  has  been 
alread}1  pointed  out,  in  the  section  relating  to  Coal,  that  the  formation 
of  carbonic  oxide  is  sometimes  encouraged  with  a  view  to  the  produc- 
tion of  a  flame  from  non-flaming  coal,  such  as  anthracite. 

The  following -table  exhibits  the  average  percentage  composition  of 
the  principal  varieties  of  fuel  (exclusive  of  ash),  together  with  their 
calculated  calorific  values  and  intensities. 


Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Sulphur. 

Calorific 
Value.  —  Intensity. 

Wood  (Oak),  - 

5018 

6.08 

43.74 

.  .  . 

4212°  C. 

2380°  C 

Peat,  .... 

61.53 

5.64 

32.82 

5654 

2547 

Lignite  (Bovey) 

67.86 

5.75 

23.39 

057 

241 

6569 

2628 

Bituminous  coal 

79.38 

5.34 

1301 

1.85 

0.39 

7544 

2694 

Charcoal,     .     . 

90.44 

2.91 

6.63 

.  .  . 

8003 

2760 

Anthracite, 

91.86 

3.33 

3.02 

0.84 

0.92 

8337 

2779 

Coke,       .     .     . 

97.32 

0.49 

2.17 

8009 

2761 

In  all  ordinary  fires  and  furnaces,  a  large  amount  of  heat  is  wasted  in 
the  current  of  heated  products  of  combustion  escaping  from  the  chimney. 
Of  course,  a  portion  of  this  heat  is  necessary  in  order  to  produce  the 
draught  of  the  chimney.  In  boiler  furnaces  it  is  found  that,  for  this 
purpose,  the  temperature  of  the  air  escaping  from  the  chimney  must  not 
be  lower  than  from  500°  to  600°  F.  If  the  fuel  could  be  consumed  by 
supplying  only  so  much  air  as  contains  the  requisite  quantity  of  ox}rgen, 
a  great  saving  might  be  effected,  but  in  practice,  about  twice  the  calcu- 
lated quantity  of  air  must  be  supplied,  in  order  to  effect  the  removal  of 
the  products  of  combustion  with  sufficient  rapidity. 

Much  economy  of  fuel  may  be  expected  from  the  use  of  furnaces  con- 
structed on  the  principle  of  Siemens's  regenerative  furnace,  in  which  the 
waste  heat  of  the  products  of  combustion  is  absorbed  by  a  quantity  of 
fire-bricks,  and  employed  to  heat  the  air  before  it  enters  the  furnace,  two 
chambers  of  fire-bricks  doing  duty  alternately,  for  absorbing  the  heat 
from  the  issuing  gas,  and  for  imparting  heat  to  the  entering  air,  the 
current  being  reversed  by  a  valve  as  soon  as  the  fire-bricks  are  strongly 
heated. 

(For  the  principles  of  smoke  prevention,  and  other  particulars  of  the 
chemistry  of  fuel,  see  Coal.) 
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314.   Ai.riioi  mi  it  is  iiiip<is«iblr  to  propose  a  definition  of  the  term 
orya  which  shall  not  be  applicable  to  some  of  t ! 

•.it  i-  found   advantageous  for  the  pur 

M  of  ttudj  t"  tiva1  >'y  as  a  separate  «li\  i-i««n  of  the 

ally  with  those  substances  which  an-  usually  ob- 
tained, either  directly  or  indirectly,  fro  in  animals  aii'l  vegetables. 

MTV  important  distinction  between  organic  ami  inorganic  sub- 
8tanee«  i-.  that  tin-  former  are  for  tin-  m«M  part  composed  of  carbon. 
h\droiren,  nitrogen,  and  oxygen,  in  dillt-rnit  pn  >\><>\\  ion«»  and  in  various 
mode*  Of  Arrangement,  and  that  thry  arr.  therefor,-,  iniieh  m..n-  fn-.ph-utly 
..-rtil.le  into  ra.-h  other  l.y  metaiiiorpln^i>.  without  extraneous  addi- 
tion ,,f  matter,  than  inorganic  substances  are. 

It  has  I. ,-<-n  already  pointed  out  that  the  chemist  is  gradually  learning 

\»  proiluee.  though  |,y  somewhat  rliun-y  and  eireuitou-  pi- 

of  the  Nuli>t:inee-*  \\hieh  \\eie  formerly  lielit-ved  ineapaMe  of  1,,-inir  formed, 

jh  the  intervention  of  Qfe;  hut  no  sul»>»auee  |.i.-x,.-sin.j  :m 

-neh  a-    \voody  lil»re  or   miiM-nlar  til. re,  and    no  al- 

solutely  iinli«p.-!iHalile  or^anie  ei.n>t itueiit  of  animal  or  vegetable  frame-. 
has  yet  been  artilieially  pioeur*-d. 

It    will   not   escape  notice   that    the   four  elements  which  compose  the 

greater  number  of  organic  -  E.,  hydrogen,  oxygen,  nitrogen, 

and  .    ire.  respectively,  moiiatomic.  diatomic,  triatomic,  and  tctia- 

tomicele  .  I'.tli.aud  are.  therefore,  capable  of  forming  a  greater 

f  compounds   than    would    he  t  he  case  if  t  ln-\  :nents  of 

equal  atotnicr 

In   the   foil,, wing  pages,  no  strictly  scientific  classification  of  Of 

itaOOM  ha-.  !"  .t   \\ould  <'ften  render  it  QeoeSMT 

desc-rilu-.  in   se|iarat«*  -ul'-tances   which   are.  in  nature.  el«»-ely 

ach    other.    l>ut    an    empiri  •  nt    ha-    b 

followed,    so    that    the    reader    may    find    hi-,    memory    a-^istr.!    and    the 

-f  the    -.ul.j, -ct    ^ii-tained.  !•  •  nal.led    to    brinu'   the    ; 

ami    evplan.-t1  niiectioii    with    familiar  |.i- 

life. 

1  '  :  icm.us  m  dim:  u| the  boundary 

between  organic  and  <  hemi-tr\   i-  ;  .ud  of  carbon  and 

Ilitl  •"/•  //,  which  i-*  inli-  iiliecte.l  with  ill 

ivbttani  M  through  -  >tneof UM  prooeteei  for  lii  prodaoUon,  ami  t in-on-h 

-imilaritx   to  the  chlorine   -  .N-ment-.  whiU;    the  origin   and 

'  The  oualwr  of  oriole  MteUoc«  I  .,l.t  U  m.  mat  thai  a  mere  II. t 

ha*  bern  ma.|.  of  ih..M-  wbUft  are  it 
log  f  u»  or  liutractiTe  from  tbvorvticml  conaidrratiooa. 
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chemical  properties  of  a  large  number  of  its  compounds  give  them  a 
claim  to  be  ranked  among  organic  substances.  The  study  of  this  sub- 
stance, therefore,  will  form  a  fit  introduction  to  organic  chemistry. 

CYANOGEN  AND  ITS  COMPOUNDS. 

315.  In  the  beginning  of  the  last  century,  a  manufacturer  of  colors  at 
Berlin  accidentally  obtained  a  blue  powder  when  precipitating  sulphate 
of  iron  with  potash.  This  substance  was  used  as  a  color,  under  the 
name  of  Prussian  blue,  for  several  years,  before  any  explanation  of  its 
production  was  attempted,  or  even  before  the  conditions  under  which  it 
was  formed  were  exactly  determined.  In  1724  it  was  shown  that  Prus- 
sian blue  could  be  prepared  by  calcining  dried  animal  matters  with  car- 
bonate of  potash,  and  mixing  the  aqueous  solution  of  the  calcined  mass, 
first  with  sulphate  of  iron  and  afterwards  with  hydrochloric  acid ;  but 
the  most  important  step  towards  the  determination  of  its  composition 
was  made  by  Macquer,  who  found  that  by  boiling  it  with  an  alkali,  Prus- 
sian blue  was  decomposed,  yielding  a  residue  of  red  oxide  of  iron,  and 
a  solution  which  reproduced  the  blue  when  mixed  with  a  salt  of  iron,  from 
which  he  inferred  that  the  color  was  a  compound  of  the  oxide  of  iron 
with  an  acid  for  which  the  alkali  had  a  more  powerful  attraction, — a  be- 
lief confirmed,  in  1782,  by  Scheele's  observations,  that  when  an  alkaline 
solution  prepared  for  making  the  blue  was  exposed  to  the  air,  or  to  the 
action  of  carbonic  acid,  it  lost  the  power  of  furnishing  the  color,  but  the 
escaping  vapor  struck  a  blue  on  paper  impregnated  with  oxide  of  iron. 
Scheele  also  prepared  this  acid  in  a  pure  state,  and  it  soon  after  ob- 
tained the  name  of  prussic  acid. 

In  1787  Berthollet  found  prussic  acid  to  be  composed  of  carbon,  hy- 
drogen, and  nitrogen,  but  he  also  showed  that  the  power  of  the  alkaline 
liquor  to  produce  Prussian  blue  depended  upon  the  presence  of  a  yellow 
salt  crystallizing  in  octahedra,  and  containing  prussic  acid,  potash,  and 
oxide  of  iron,  though  the  latter  was  so  intimately  bound  up  with  the 
other  constituents,  that  it  could  not  be  separated  by  those  substances 
which  are  usually  employed  to  precipitate  iron. 

Porrett,  in  1814,  applying  the  greatly  increased  resources  of  chem- 
istry to  the  investigation  of  this  subject,  decomposed  Prussian  blue 
with  baryta,  and  subsequently  removed  the  baryta  from  the  salt  thus 
obtained  by  means  of  sulphuric  acid,  when  he  obtained  a  solution  of 
the  acid,  which  he  named  ferr urette.d  chyazic  acid. 

In  1815,  Gay-Lussac,  having  boiled  Prussian  blue  (or  prussiate  of 
iron,  as  it  was  then  called)  with  red  oxide  of  mercury  and  water,  and 
crystallized  the  so-called  prussiate  of  mercury,  exposed  it,  in  the  dry 
state,  to  the  action  of  heat,  and  obtained  a  gas,  having  the  composition 
CN,  which  was  called  cyanogen,1  in  allusion  to  its  connection  with  Prus- 
sian blue.  It  was  then  seen  that  the  substance  which  had  been  called 
ferruretted  chyazic  acid  contained  iron  and  the  elements  of  cyanogen, 
whence  it  was  called  ferrocyanic  acid,  and  its  salts  were  spoken  of  as 
ferrocyanates.  Robiquet  first  obtained  this  acid  in  the  crystallized  state, 
having  the  composition  C6H4N6Fe;  and  since  it  was  found  that,  when 
brought  in  contact  with  metallic  oxides,  it  exchanged  the  H4  for  an 
equivalent  quantity  of  the  metal,  according  to  the  equation — 

H4.C6N6Fe  +  2M"0  =  M2".C6N6Fe  +  2H20, 

1  From  Kvaveos,  blue. 
30 


TBLLOW    PRU83IATE    OF    POTASH. 

U  WaS  Concluded  th  r    •          i      \    l-'e  emnpo..,..!   a  distinct    g] 
-sas  11:1111-  ;  'he  a.  -i.l  being  calle 

i  n«  I  the  salts  ferrocyan 

Prussiate  of  Potn  >w  prussiate  of  potash  or  fa 

k  i    \  I  .-.  :  \q.)  is  manufactured  upon  a  large  scale 
)>v  a  process  which  U  the   in  •  ->tin«j  because  it  turns  t«>  account 

••f  the  commonest  kinds  of  refuse,  such  as  old  leather. 
ings,  lilo.nl.  an.  1.  iii  short.  any  animal  matter  rich  in  nitrogen,  and  not  ap- 
;  e  economical  purp  ;;etimes  tin--,-  | 

-I  to  destructive  distillation  for  the  carbonate  of  ammo- 
nia which  they  are  capable  of  yielding,  and  the  residual   highly  nitro- 

1  charcoal  is  then    n-.-d    l'..r  tin-  production  of  tlie  ferro.-vai 
potassium.      Such   matter-  are  fu-.-d  in  an  iron  vt-si-l  with   carbonate  of 
potash  and  iron  filings,  and  tin-  l'u-rd  nia->  i«.  lieati-d  \\itli  water  in  open 
k>W   solution    i>   obtained,  which,  aft, 
|.\raniidal  crystals  of  ferrocyanide  of  |M,tassiuuin, 

•  llill^  o   molecules  of  in 

d  liy  the  researches  of 
!  .      [f  carbonate  Of  pOUsfa  l>e  strongly  heate.l  in  contact  with  pure 

i-arl.on,  there  result  (page  293)  carbonic  oxide  and  potas*iui. 
H-C,=  3CO  +  K   ;  Init  if  the  carbon  l»e  ass.,ciati-d  with  nitm- 

|]  \\ill  l.e  ellccted  at  a  milch  lower  temperature,  and   the   potassium 
will  combine  with  an  atom  of  carbon    and  an  atom  of  nitro-.-n,  to  f..nn 

'•'  of  potdf  t<   \   .     \\heii  tliis  salt,  dissoh  I'd  in 

is  liead  -«1  witii  metallic  iron  in  tl.-  air,  oxygen  is  absorbed, 

aiul  the  iron  dissolved  to  form  fen  o.  \anide  of  potassium  — 

K<  \    +  Fe  -H  O  =  K4.C.X.Fe  +  K,O. 


The  oxygen  may  also  be  acquired  from  the  water,  an  equivalent 

f  ii\dro.r,.n  bein^  c\ol 

'•.  —  For  the  preparation  of  Prussian  blue  it  is  usual  to 
mix  solutions  of  ferrocyanide  .if  potassium  and  persulphate  of  iron,  wh.-n 
the  blue  U  precipitated,  having  IUM-II  pro.iticed  aec.irdin^  tothe  e.piation  — 

+   2(Fe,O,.3SO,)   =   6(K,O.SO,)   +    1 

Frrniryaniile  PtaMM 

of  poUMitun. 

in  which  the  symbol  1  •  \  represents  the  group  r  \  1.    : 
which  is  capable  of  playing  the  same  part  in  m  nposjtions  as  if 

.   an  elementary  substance.     Thk  OOmpOQnO  radical  ha- 
;i  the  separate  state,  but  it  can  • 

plete  series  of  com  p,,  11  nds,   in    which    it    exact!  idorine   in 

its  chemical  re:  ;hus  the  Ay//  ill       |,  and 

the  for  lei  of  the  metals,  ai  iv  analogous  to  hydrochloric 

'iitaininu'  *  compound    radical    i: 

ofasit  .  but  whereas  chlorine  .  i  cat.  combining 

!   atom  of  h\dro-_jen.  f  .  •>.  and    hence 

I  .  '.      When    Prussian    blue  is 

•  mini;   f'lntio!  nljihale  of  iron   int.»  ai. 

i-sium.  it  is  found  that,  as  soon  as  the  excess  <>f  t  he 
.  \sashe.  1    a\\ay,  the  |.recipi: 

/;/'/,'. 

d  this  solution  lornis  the 
basin  of  ordinal  \   blue  ink. 
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Prussian  blue  is  sometimes  prepared  with  the  green  protosulphate  of 
iron  (FeO.SO3),  but  in  that  case  it  is  necessary  to  expose  the  precipitate 
for  some  time  to  the  air,  since  the  first  result  is  a  nearly  white  precipitate 
which  may  be  regarded  as  a  double  ferrocyanide  of  iron  and  potassium 
(K4Fcy,Fe2Fcy). 

2(K4Fcy)  +  2(FeO.S03)  =  2(K2O.SO3)  +  K4Fcy.Fe2Fcy. 

When  this  precipitate  is  exposed  to  the  air,  it  gradually  acquires  a  dark- 
blue  color,  becoming  eventually  converted  into  Prussian  blue  by  oxi- 
dation— 

3(K4Fcy.Fe2Fcy)  +  03  ==  3K4Fcy  +  Fe203  +  Fe4Fcy3. 

Prussian  blue  is  easily  decomposed  by  alkalies,  a  brown  residue  of  ses- 
quioxide  of  iron  being  left,  Fe4Fcy3  +  12KHO  =  3K4Fcy  +  2Fe2O3  +  6H20. 
This  decomposition  is  turned  to  account  by  the  calico-printer  for  pro- 
ducing a  buff  or  white  pattern  upon  a  blue  ground.  The  stuff  having 
been  d}7ed  blue  by  passing,  first  through  a  solution  of  a  persalt  of  iron, 
and  afterwards  through  one  of  ferrocyanide  of  potassium,  the  pattern  is 
discharged  by  an  alkali,  which  leaves  the  brown  peroxide  of  iron  capable 
of  being  removed  by  a  dilute  acid,  when  the  stuff  has  been  rinsed,  so  as 
to  leave  the  design  white. 

Hydroferrocyanic  Acid. — By  decomposing  a  cold  saturated  solution  of 
the  ferrocyanide  of  potassium  with  about  an  equal  volume  of  hydrochloric 
acid,  colorless  ci^stals  of  hydroferrocyanic  acid  (H4Fcy)  are  obtained, 
which  are  insoluble  in  hydrochloric  acid,  but  readily  soluble  in  water. 
When  a  solution  of  this  acid  is  heated,  it  evolves  hydrocyanic  acid  (HCN), 
and  deposits  a  white  precipitate  of  cyanide  of  iron  Fe(CN)2  which  be- 
comes blue  on  exposure  to  the  air,  being  converted  into  Prussian  blue  ; 
the  simplest  way  of  explaining  this,  as  well  as  many  other  decompositions 
of  hydroferrocyanic  acid  and  the  ferrocyanides  is  to  view  the  radical 
ferrocyanogen  as  formed  by  the  union  of  six  molecules  of  cyanogen  (CX) 
and  one  atom  of  iron,  when  hydroferrocyanic  acid  becomes  H4.Cy6Fe, 
and  Prussian  blue  Fe^SCygFe.1 

The  decomposition  of  the  hydroferrocyanic  acid  by  heat  would  then 
be  represented  by  the  equation — 

H4.Cy6Fe     =     4HCy     +     FeCy2, 

Hydroierrocyanic         Hydrocyanic         Protocyanide 
acid.  acid.  of  iron. 

and  the  formation  of  Prussian  blue  from  this  last  compound  on  exposure 
to  air — 

9FeCy2  +  03  =  Fe4.3CyfiFe  +  Fe203. 

Prussian  blue. 

Hydrocyanic  or  Prussic  Acid. — Advantage  is  taken  of  the  decompo- 
sition of  the  ferrocyanide  of  potassium  by  acids,  in  the  preparation  of 
solution  of  hydrocyanic  acid  for  medicinal  use.  For  this  purpose  two 
parts  of  the  ferrocyanide  of  potassium  in  powder  are  distilled  with  1^ 
parts  of  oil  of  vitriol  diluted  with  two  parts  of  water,  the  vapor  of  hydro- 
cyanic acid  being  carefully  condensed  (see  Fig.  47).  The  change  is  rep- 
resented by  the  equation — 

2K4(Cy6Fe)  +  3(H2O.S03)  =  3(K2O.S03)  +  K2Fe(Cy6Fe)  +  6HCy. 

Ferrocyanide  of  Ferrocyanide  of  Hydrocyanic 

potassium.  iron  and  potassium.  acid. 

1  Since  Cy'  is  monatomic,  Cy6'Fe"  should  be  tetratomic. 
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left  in  the  retort   a  pale  greenish  salt,  which  rapidly   I  "-comet 

Mm-  when  expos,  .1  with  tin*  double 

•cyanide  of  potassium  and   iron    j.r.,du.-.  -osnlphate  of 

posed  by  ferrocyanide  of  potassium  i  p.  » 

solution   of  hydrocyanic  acid   thus  obtained    is   colorless,  and 
Jes  tin-  ivmarkabi,-  «•.!.. r  ••!'  the  acid;  its  acid  characters  ; 
feeble  ii  -i  more  so  than  those  of  carbonic  acid,  hut  it  is  extremely 

poisonous, a  very  small  dote  dettroying  life  almost  iimn 

found  in  laurel  water,and  in  water distilled  from  the  k.  rnels 
of  many  stone  fruits,  such  as  the  peach,  apricot,  and  plum.  In  minute 
doses  hydrocyani<-  Biy  valuable  remedy,  and  i-  empl-.\ed  in 

mcdi- -inc  in  solutions  of  different  strengths.  <>.,,  <.t'  these,  which  is 
known  as  the  acid  of  the  London  Pharmacopoeia,  contains  t.  of 

hvdf"c\  anic    aci.l.   ami    i-    prepared    by    the    process   mentioned    ab 

'-•  arid  varies  in  strength,  but  usually  contains  between  4  ami  ."> 
percent.  Of  trU6  hydrocyanic  arid.      This  acid  is  pr. -pared  li"in  I'm-- 
Muc,  hy  the  process  originally  employed  l»y  Scheele  when   tin-  acid  wa> 
discos .-r.-d.     It  consists  in   boiling  Prussian   blue   with   water  and 

i.-  of  mercury,  until  the  blue  color  disappears;  peroxi-i  D   i> 

separated,  and  cyanide  of  mercury  (IlgCy,)  passes  into  solution,  tin- 
latter  is  filtered,  mixed  with  diluted  sulphuric  acid,  and  .shaken  \\  ith  in.n- 
filings,  which  precipitate  the  mercury  in  the  metallic  state,  leaving  free 
hydrocyanic  acid  in  the  liquid,  which  is  then  dUti, 

HgCy,    +  Fe  +  HjO.SO,  =  2HCy  +  FeO.SO,  +  Hg. 

In  order  clearly  to  understand  this  process,  it  must  l.e  known  that  the 
mercury  exhibits  a  special  tendency  to  coml.ine  with  cyanogen,  w  Inch  i- 
sufficiently  powerful,  in  this  instance,  to  bring  about  the  <i  ion 

of  the  ferrocyanogen  existini;  in  the  Prussian  Mue,  a  part  of  the  cyanogen 
being  exchanged  for  the  oxygen  of  the  oxide  of  mercury. 

It  is  from  the  •  ,  that  the  pure  anh\dr«>us  liydr-M-yani.- 

i  and  cyanogen  itself  are  prepared.     I  -'or  the-,   purposes,  it  mn\ 
obtained  by  dissolving  the  red  oxide  of  mercury  in  hydrocyanic  acid, 
when  a  double  decomposition  takes  place,  exactly  as  with  hydroehloi  i.- 
<>       L'HCy  =  HgCy,  +  H,O,  and  the  cyanide  of  merom 

Obtained   in   s.piare  prismatic  cr)'8taU    on    evaporat  inur  t  he  solut  ion.      If 
vstals  be  dried  and  gently   warmed   with  strong  hydioehl..i  i. 
acid,  chloride  of  me  r. -u  rv  will  be  formed,  and  livdroevanii-  acid  BfOl 

Of       -'IK'i       M-r'i    -  -jiicy.    Tbemtod  vapors  of  hydrochloric 

i  are  passed  OV0f   rra^ment-.   of  marble  (C:i(>(  '• 

which  absorb  the  bydloeU  i  (CaO.CO,  +  2HC1  =  CaCl,  +  11  « » 

4-  CO.).  but   not  the  h\di"  :    is   tOO   ^ 

icre carbonic  acid.  tnreofbyd  and  carbonic 

acids  is  passed  Over  chloride   of  calcium    to    i  .;,,,r.  ami 

afterward^   through  a  tube  cooled  in  a  mixtu:-  -:dt.  when  the 

h\  i  acid  is  condensed  to  a  colorless  liquid,  which  e\apo  rates  so 

Hv  when  exposed  to  the   air   that    it    lower.-   the  temperature  to  the 

/inu'-p"int    of  .   which    is    ab..:i'   Q     I  .      i'    |  the 

i|»or   whi»-h  burns 

He  Maine.         \  rime    it    i>    liable    to    undergo  a 

spontaneous  decompo^ it io:,.  ^  ammonia.  :ind  !>•  Mcdinto 

a  brown  mass  of  uncertain   OOfB  The  aqueous   solution   of  the 

I  snffers  a  change,  •  •  li^ht   favors  the 

ii.  the-  medicinal  acid  is  usually  kept  in  bottles  co\ered  with 
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paper.  The  presence  of  a  very  small  quantity  of  sulphuric  acid  prevents 
this  change,  and  hence  the  acid  prepared  by  distilling  ferrocyanide  of 
potassium  with  sulphuric  acid,  which  usually  contains  traces  of  the  latter, 
can  be  preserved  much  better  than  that  prepared  by  other  methods. 

When  hydriodic  acid  gas  is  passed  into  anhydrous  hydrocyanic  acid  cooled  by  ice, 
a  crystalline  body  is  formed,  which  has  the  composition  HCN.HI.  It  is  readily 
soluble  in  water  and  alcohol,  hut  not  in  ether,  and  may  be  suhlimed  with  little  de- 
composition. This  substance  is  not  acid,  and  does  not  answer  to  the  tests  for  hydro- 
cyanic acid.  When  decomposed  by  potash,  it  p^ives  ammonia,  formiate  of  potash, 
and  iodide  of  potassium,  so  that  it  may  be  regarded  as  the  hydriodate  of  an  ammonia 
formed  hy  the  substitution  of  one  molecule  of  the  triatomic  radical  formyle  (CH) 
for  the  three  atoms  of  hydrogen  ;  or  hydriodate  of  formylamine  N(CH)///.HI. 

317.  Cyanogen  itself  (CN)  can  be  prepared  by  the  mere  action  of 
heat  upon  the  cyanide  of  mercury  (in  a  test-tube  provided  with  a  glass 
jet  for  burning  the  gas,  Fig.  283).  This  salt  resolves  itself  into  metallic 
mercury,  cyanogen,  and  a  brown  substance  which 
has  been  called  paracyanogen  (C3N.J,  and  appears 
to  have  been  formed  by  the  union  of  three  mole- 
cules of  cyanogen.  Cyanogen  gas  is  easily  dis- 
tinguished from  all  others  by  its  peculiar  odor 
and  its  property  of  burning  with  a  fine  peach- 
colored  flame.  Being  nearly  twice  as  heavy  as 
air  (sp.  gr.  1.8),  it  may  be  collected  by  down- 
ward displacement,  for  water  dissolves  about  four 
times  its  volume  of  the  gas,  yielding  a  solution 
which  is  prone  to  undergo  a  spontaneous  de- 
composition remarkable  for  the  comparatively 
complex  products  which  it  furnishes,  amongst 
which  we  trace  the  oxalate  (NH4)2C2O4  and  formiate  (NH4CHO2)  of 
ammonia,  and  urea  (CH4NO),  all  derived,  be  it  remembered,  from  the 
elements  of  cyanogen  and  water.  In  its  chemical  relations,  cyanogen 
presents  a  striking  resemblance  to  chlorine.  Thus,  at  a  slightly  elevated 
temperature,  potassium  and  sodium  take  fire  in  it,  forming  the  cyanides 
of  those  metals,  precisely  as  the  chlorides  would  be  formed.  Again, 
when  cyanogen  is  absorbed  by  a  solution  of  potash,  the  cyanide  of 
potassium  and  cyanate  of  potash  are  formed— 

2KHO     +     Cy2    =     KCyO     +     KCy     +     H20, 

Cyanato  of  Cyanide  of 

potash.  potassium. 

just  as  the  chloride  of  potassium  and  hypochlorite  of  potash  result  from 
the  action  of  chlorine  upon  potash,  2KHO  +  C12  =  KC10  +  KC1  +  H20. 
A  pressure  of  about  4  atmospheres  is  required  to  liquef}^  cyanogen,  when 
it  forms  a  colorless  liquid  of  sp.  gr.  0.87,  freezing  to  a  crystalline  mass 
at  —30°  F. 

Cyanide  of  Potassium. — The  most  useful  of  the  c}*anides  is  the  cyanide 
of  potassium,  which  is  extensively  employed  in  electroplating  and  gilding. 

This  salt  may  be  formed  by  a  very  interesting  process,  which  is  one  of 
the  few  in  which  the  atmospheric  nitrogen  takes  part,  and  consists  in 
passing  air  over  red-hot  charcoal  which  has  been  previously  soaked  in  a 
strong  solution  of  carbonate  of  potash  and  dried,  when  the  nitrogen 
requisite  for  the  formation  of  the  cyanide  is  absorbed  from  the  air,  and 
carbonic  oxide  is  disengaged — 

K2O.C02      -f       C4      +       N2      =      2KCN      (Cyanide  of  potassium)      -f      3  CO. 


CYANIDE    OF    POTASSIUM. 

It    is   probably  !v  a  similar  change  1 1 i:it  <>f  potassium  is 

produced   in   the   blast-furnaces  (page 

duced.  tlit-  potash  being  derived  :  ,-h  «.f  tin-  fuel.      I 

is  al\v  .red  for  ns(-  from  t  anide.  \\hirli 

igfa  tcni|»cratiire  into  ..f  potassium  and  carbide  of  iron. 

with  evolution  of  nitrogen. 

K4Cy.Fe    JftSZE?  4KC*    i2SStf    +     FeC,    +    Nr 

In  order  to  a v«>i.  1  tin-  los«,  of  the  two  molecules  of  cyanogen,  it  is  usual 

ferroex  anide  with  carbonate  of  potash  in  the  pioporti 
parts  of  th»-  dry  carbonate  to  7  parts  of  the  dri.  d  anide  :  tl 

ture  is  fused  in  a  covered  earthen  crucible,  and  occasionally  stirred  until 
gas  ceases  to  be  evolved;  the  crucible  is  then  reniov.d  in. MI  the  fire, 
d  for  a  minute  or  two  that  the  metallic  iron  may  subside. 
and  the  clear  fused  cyanide  poured  out  on  to  a  Stone.  I  •  .•hanu'c 
involved  in  this  process  is  represented  by  the  following  equation— 

v6Fe     +  K,O.CO,    =    5KCy    -f     KCyO     -f     Fe     4-     CO,, 

Cyanatc  of  potuh. 

whence  it  will  be  seen  that  the  commercial  cyanide  of  potassium  is  con- 
taminated with  cyanate  of  potash.  It  also  contains  a  considerable  quan- 
tity of  carbonate  of  potash,  so  that  the  proportion  of  cyanide  is  often 
only  »',0  per  cent.  The  white  porcelain-like  masses  of  cyanide  of  po- 
tassium deliquesce  when  exposed  to  the  air,  and  emit  the  odor  <>t 
cyanic  acid  as  well  as  that  of  ammonia  :  the  former  is  disengaged  from 

mid.    l,\  the  action  of  the  atmospheric  carbonic  acid.  whi. 
ammoniacal  odor  is  due  to  the  carbonate  of  ammonia  produced    by  the 
action  of  moisture  upon  the  cyanate  of  potash— 

_K(  NO     +     4U,O     =     K,O.CO,    +       \H).O.COr 

Cyan  ate  of  poUuh. 

Pure  cyanide  of  potassium  is  deposited  in  colorless  cubical  cry st.-iN 

when    \apor  of  hydroeyanic  a. -id    is  passed   into  an  alcoholic  solution  of 

potash,  or  it   may  be   «.l,t:iined    l>v  boiling   the  commercial  e>  anide  \\ith 

1  and  filtering  while  hot,  when  the  cyanide  crystalli/es  out  as  the 

solution  cools. 

use  of  cyanide  of  potassium  in  electroplating  and  gilding  depend! 
upon  the  power  of  a  solution  of  the  salt  to  dissolve  tin  <\  an  ides  of  gold 
.\«-r.  fi.nnini:  compounds  which  are  M  !i\   the  gal- 

vanic current,  with  .  of  metallic  gold  or  silver  upon  an\ 

Capable  of  COnd  n< -tin  ur  the  current,  which  may  be  attached  tot 

'">).     Soln*  inide  of  potassium  is  also  able  to  dittOlve 

metallic   ^ilver  and   sulphide  of  silver,  which    is   t:r.  lau'c  of  in 

:>•_'  photographic  -tains  from  the  hands,  and    in  ch-aninj  -il\.-i-  oi 
gold  Uc« 

At  a  high  temperature,  cyanide  of  potassium  is  a  very  powerful  re- 
_'  an  atom  of  oxygen  from  most  of  the  metallic 

oxides,  so  as  to  liberate  the  metals,  being  itself  « rerted  Into  mnatfl 

of  potash.    Thus,  when  the  bim>\ 

sium.  >.,(».  rUa  pro]  koc  oynn- 

Miatr  of  ; 

iily   di^tr  by   the   pren'r  lor  of  .-\ 

whicl.  \\hcn    treated    with    dilute   sulphuric   acid,    though    the 
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greater  part  of  the  cyanic  acid  is  decomposed  with  effervescence,  yield- 
ing  sulphate  of  ammonia  and  carbonic  acid. 

2KCNO  +  2(H2O.S08)  +  2H20  =  K2O.S03  +  (NH4),O.S03  +  200,. 

When  fused  cyanate  of  potash  is  triturated  with  dried  oxalic  acid,  and 
the  mass  treated  with  water,  a  white  insoluble  substance  is  left,  which  has 
been  called  cyamelide,  and  has  the  composition  CHNO,  being  metameric 
with  hydrated  cyanic  acid,  HCNO  ;  when  this  substance  is  distilled, 
hydrated  cyanic  acid  passes  over  as  a  colorless  liquid,  which  can  only 
be  preserved  at  a  very  low  temperature,  for  if  the  receiver  containing  it 
be  removed  from  the  freezing  mixture  employed  to  condense  the  cyanic 
acid,  the  latter  becomes  hot  and  turbid,  soon  begins  to  boil  violently, 
and  is  converted  into  a  white  mass  of  cyamelide  resembling  porcelain. 

Cyanide  of  potassium  when  fused  with  sulphur,  forms  a  compound 
corresponding  to  cyanate  of  potash,  but  containing  sulphur  in  place  of 
oxygen,  and  having  the  formula  KCyS,  which  is  commonly  spoken  of  as 
sulphocyanide  of  potassium,  being  represented  as  containing  a  compound 
radical,  sulphocyanogen  CyS  =  Scy.  The  sulphocyanide  of  potassium 
is  generally  prepared  by  fusing  3  parts  of  dried  ferrocyanide  of  potas- 
sium and  1  part  of  carbonate  of  potash  (the  materials  for  making  cyanide 
of  potassium)  with  2  parts  of  sulphur,  in  a  covered  crucible.  By  wash- 
ing the  cooled  mass  with  boiling  water,  the  sulphocyanide  is  extracted, 
and  may  be  obtained  by  evaporating  the  solution,  in  prismatic  crystals 
resembling  nitre.  By  decomposing  the  sulphocyanide  of  potassium  with 
acetate  of  lead,  the  sulphocyanide  of  lead  (Pb(CyS)2)  is  obtained,  and 
this,  when  acted  upon  with  sulphuretted  hydrogen,  3'ields  sulphide  of 
lead  and  Jiydrosulpkocyanic  acid,  HCyS,  the  latter  being  a  colorless 
oily  liquid  which  may  be  crystallized  by  cold.  This  acid  is  remarkable 
for  the  dark-red  color  (due  to  sulphocyanide  of  iron)  which  it  gives  with 
the  persalts  of  iron,  for  which  sulphocyanide  of  potassium  is  frequently 
employed  as  a  test.  A  very  delicate  test  (Liebig's  test)  for  hydrocyanic 
acid,  in  cases  of  poisoning,  is  also  founded  upon  that  circumstance,  for 
if  a  watch-glass  moistened  with  yellow  sulphide  of  ammonium  (p.  305) 
be  exposed  to  the  action  of  vapor  of  hydrocyanic  acid,  the  latter  is  ab- 
sorbed and  converted  into  sulphocyanide  of  ammonium — 

(NH4)2S  +  S2  +  2HCy  =   2NH4CyS  +  H2S, 

Yellow  sulphide  Sulphocyanide 

of  ammonium.  of  ammonium. 

by  applying  a  gentle  heat  to  the  watch-glass,  any  excess  of  sulphide  of 
ammonium  is  volatilized,  and  a  drop  of  perchloride  of  iron  will  then 
give  the  blood-red  color  with  the  sulphocyanide. 

318.  Ferricyanide  of  Potassium. — When  chlorine  is  passed  into  a  so- 
lution, of  ferrocyanide  of  potassium,  the  liquid  assumes  a  brown  color, 
and,  when  evaporated,  deposits  beautiful  red  rhombic  prisms,  which  are 
found,  on  analysis,  to  have  the  composition  KsCy6Fe,  having  been  formed 
from  the  ferrocyanide  according  to  the  equation — 

KrUr  T7o   (Ferrocyanide     i      pn  TT-  /-N      -p      (Ferricyanide     , 

i^Je*6  of  potassium)   +01==    JBLjCy^e   of  potassium)     T 

This  salt  is  known  as  red  prussiate  of  potash,  or  ferricyanide  of  po- 
tassium, and  is  used  in  dyeing ;  for  if  a  piece  of  stuff  be  heated  in  a 
solution  of  the  ferricyanide  acidulated  with  acetic  acid,  a  blue  compound 
similar  to  Prussian  blue  is  deposited  in  the  fibre. 
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•'t:iNsium    is   also   employed    for  tin-    ]  -n    of 

:i).  which  is  precipitated  when  a  so- 
lution of  that  salt  is  mixed  with  one  of  sulphate  of  it 

3(FeO.SO.)  +  2K,(Cy.Fe)  =  3(K,O.SO,)  +  Fe.CCy.Fe),. 

|f  |.-  M    -i-   m  r-»D. 


In  calico-printing,  a  mixture  of  the   ferricN  anide  .,r  p-ita^ium   with 
potash  is  emplo\e.l  a-  a  discharge  for  indigo,  such  a  mixture  acting  as  a 
powerful  bleaching  agent,  in  consequence  of  its  tendency  t«>  impart  < 
gen  to  any  Mibstancc  in   need  of  that  element,  the  fen  i.  -yanidc   I.eing 
•  •rted  into  the  ferrocyanide  ;  thus  — 


2K,(Cy.Fe)  !££ZSS)  +  2KHO  =  2K4(Cy.Fe)  <£3±y  +  0  +  H,O. 


The  ferricyanide  of  potassium  is  assumed  to  contain  a  compound  radi- 
cal/ whidi  di  tiers  from  ferrocyano^en  in  contain- 

ing trial..  mir  imn  IV'",  instead  of  diatomic  iron.  IV.  The  formula 
Cy/Fc'"  shows  that  this  radical  must  be  triatomic,  and  not  t»  tiat<.mi<- 
like  Cy.'I-V".  Tlie  hydroferricyanic  arid  (HfCy.Fe)  can  be  obtuineii  in 
a  crystallized  state,  and  many  of  the  corresponding  f»  les  have 

been  examined. 

I  .  rrocyanogen  and  ferri.  \  :in..-cn  are  not  the  only  compound  radicals 
of  this  description,  there  ai  i  Cy,Co),  manganicyanogen 

•igen  (Cy.Cr),  platinocyanog*       (      \'\  ,  potto* 

cyanogen  (Cj^Pd),  an«l  it   none  of  these  have 

recc  usdul  application^.     Tlu  platinocyanides  arc  remarkable 

for  their  brilliant  colors. 

319.  Chforidex  of  Cyanogen.  —  When  moist  ryanidc  of  nn-rcury  is 
shaken  up  in  a  bottle  of  chlorine  gas,  and  set  aside  for  some  time  in  a 
dark  place,  the  yellow  color  of  the  clil'-rine  disappear*,  and  tin-  in.ttle  is 
filled  with  a  colorless  gas  having  a  remarkably  puu-.-i.:  ami  ini; 

odor;  thU  is  the  ;/</.-  VH/S  r/,  /.,/•/,/,  .,/'  MgCy,  +  C14  = 

If  liudit  have  access  dnrin*;  this  experiment,  an  oily 
Kqvia  chloride  of  .  c\  n.  i-  pr-'du- 

The  chloride  of  cyanogen  L:  .uetied  by  a  pressure  of  lour 

atmospheres,  ami  if  the  liquid  is  kept  for  some  days  in  a  sealed  tube,  it 
is  c  i  into  a  white  ma-  /  •  lilnriitr  nf  •  C\r 

fa- 


When  I  his  is  acted  on  l>\  \\aler.  it  \  irld>  .  I  M   \      ^ 

ing  to  the  equation  Cy.Cl,  +  3H,O  ==  311CI  4-  H,Cy,Or     Tlii> 

:'   it-*   polymer  iiiic   acid 

1  y<h,  \\h  e  ol.taim-d  from  it  l.y  «list  illat  ion.      It  is  a  tri  basic 

i  lorn,..  |iU,.    tril.a^ic    plio>phor'h-    aci.l     p.  -Jf.C,).  t! 

Salt^.  the    loin.uhe.  le-pe,-ti\el\.  M    I          <>.\|      ||<      .    i  ..    \|    |  |    <;,«>. 

.  PCj  .  bai  been  rablinM  -i  in  tabniai 

tals  from   a  mr-.t  :ii<le  of  silver   and  terchloride  of  ph..-|.!. 

•  -I  in  a  sealed  tube  to  $80      I  .  foi    -omc   hours,  and  a!' 
tilled  in  a  cm  .|.      <  '\  :ini«le  of  p!. 

at  a  ver}'  low  temperature.  an«l  i>  dccompuM-d  by  water,  yiel.lin^  cyanic 
an<i  phosphorous  a* 


820.  Aifropna.'  with  dilut- 

civ«  •  »|HI 

•  penal  t  •  inn  .-\.-.  -  .  tie  of  »odH,  tilt 

and  evaporated,  it  depusiu  n.  oprustide  of  »•••• 
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from  which    the  nitroprussides  of  other   metals  may  be 


(Na4Cy10N203Fe2.4Aq.; 
obtained. 

The  hydronitroprussic  acid  (H4Cy10N2O3Fe2.2Aq.)  has  also  been  prepared  and 
crystallized. 

The  nitroprussides  were  found  by  Hadow  to  be  formed  from  a  double  molecule 
of  the  ferricyanides  by  the  exchange  of  two  molecules  of  cyanogen  for  a  molecule  of 
nitrous  acid  (N203),  and  the  simultaneous  removal  of  two  atoms  of  the  metal  with 
which  the  ferricyanogen  was  combined.  Thus  the  double  molecule  of  ferricyanide 
of  potassium,  K6.Cy12Fe2,  becomes  nitroprusside  of  potassium,  K4.Cy10N2O3Fe2, 
when  boiled  with  nitric  acid,  other  products  being  formed  at  the  same  time  by  the 
oxidizing  action  of  the  nitric  acid. 

Based  upon  this  view  of  its  constitution,  a  more  certain  and  economical  process 
for  the  production  of  nitroprusside  of  sodium  was  devised  by  Hadow,  which  consists 
in  acting  upon  the  ferricyanide  of  potassium  with  nitrite  of  soda,  acetic  acid,  and 
bichloride  of  mercury  (corrosive  sublimate),  when  the  mercury  removes  two  mole- 
cules of  cyanogen,  and  the  chlorine  two  atoms  of  potassium,  the  nitrous  acid  of  the 
nitrite  of  soda  entering  into  the  residue  of  the  ferricyanide,  and  converting  it  into 
nitroprusside  of  potassium,  which,  by  double  decomposition  with  the  acetate  of  soda, 
yields  acetate  of  potash  and  nitroprusside  of  sodium.  The  cyanide  of  mercury  crys- 
tallizes out  first,  and  the  nitroprusside  of  sodium  may  be  obtained  in  crystals  from 
the  evaporated  solution. 

The  more  recent  researches  of  Stadeler  have  still  further  simplified  the  constitu- 
tion of  the  nitroprussides.  By  the  action  of  cyanide  of  potassium  upon  ferrous  sul- 
phate, he  obtained  an  orange  precipitate  composed  of  KFe2//Uy5,  in  which  two 
atoms  of  diatomic  iron  have  replaced  four  atoms  of  monatomic  potassium  in  five 
molecules  of  the  cyanide  j  5KCy  -f  2FW'SO4  =  2K2SO4  -f  KFo./'Cy5. 

When  this  precipitate  was  treated  with  nitrito  of  potash,  it  furnished  nitroprus- 
side of  potassium  ;  K'F<yCy5'  +  KNO._,  =  K2'Fe"(NO)'Cy5  -f  FeO. 

According  to  this,  the  hypothetical  radical  of" the  nitropruasides  would  contain 
Cy5(NO)/J1e//,  representing  ferricyanogen  Cy6Fe//  in  which  (NO)' has  replaced  Cy'. 
The  monatomic  character" of  the  NO  is  shown  in  the  nitrite  of  potash  KNO^or 
K/(NO)/O//.  It  will  be  observed  that  Stadeler's  formula  for  the  nitroprussides 
differs  from  Hadow's  only  by  a  single  atom  of  oxygen  in  Hadow's  molecule,  thus — 

Double  molecule  of  nitroprusside  of  potassium  (Stadeler),  K4Fe2N2O2Cy10 
Nitroprusside  of  potassium  (Hadow),  K4Fe2N2O3Cy10, 

so  that  whereas  Hadow  believed  in  the  substitution  of  nitrous  acid  (N2O3)  for  apart 
of  the  cyanogen,  Stadeler  finds  that  it  is  really  NO,  the  radical  of  the  nitrous  acid 
((NO)/(NO)/O//)  which  replaces  the  cyanogen. 

On  the  latter  view,  the  diatomic  character  of  the  assumed  radical  Cy5/(NO)/Fe// 
is  at  once  explained,  for  it  evidently  requires  two  atoms  of  potassium  to  complete 
the  saturation  of  the  Cv5. 

The  nitroprusside  of  sodium  is  used  as  a  test  for  the  alkaline  sulphides,  with  a 
very  slight  trace  of  which  it  gives  a  magnificent  purple  color.  Thus,  an  inch  or 
two  of  human  hair,  fused  with'carbonate  of  soda  before  the  blowpipe,  will  yield  suf- 
ficient sulphide  of  sodium  to  strike  a  purple  tint  with  the  nitroprusside. 

321.  THE  FULMINATES. — The  violently  explosive  compound  known  as 
fulminate  of  mercury,  which  is  so  largely  employed  for  the  manufacture 
of  percussion  caps,  is  connected  with  the  series  of  cyanogen  compounds. 

Preparation  of  Fulminate  of  Mercury. — This  substance  is  prepared 
by  the  action  of  alcohol  upon  a  solution  of  mercury  in  excess  of  nitric 
acid  ;  and  as  this  action  is  of  a  violent  character,  some  care  is  necessary 
in  order  to  avoid  an  explosion.  On  a  small  scale,  the  fulminate  may  be 
obtained  without  any  risk  by  strictly  attending  to  the  following  pre- 
scription : 

Weigh  out,  in  a  watch-glass,  25  grains  of  mercury,  transfer  it  to  a  half-pint 
beaker,  add  half  an  ounce  (measured)  of  ordinary  concentrated  nitric  acid  (sp.  gr. 
1.42),  and  apply  a  gentle  heat.  As  soon  as  the  last  particle  of  mercury  is  dissolved, 
place  the  beaker  upon  the  table,  awav  from  any  flame,  and  pour  into  it,  pretty 
quickly,  at  arm's  length,  5  measured  drachms  of  alcohol  (sp.  gr.  0.87).  Very  brisk 
action  will  ensue,  and  the  solution  will  become  turbid  from  the  separation  of  crya- 
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the  fulmiimt.-.  at  the  same  time  ov< 
have  nn  agreeable  od<  ?  lio  prosenr- 

tn  of  the  a  •   t) 

i#  caused  I  •'••nn   ha*  >, 

MIIIX-  tiin-v 

has  subsided,  the  beak«  r  i  i  \\.it.T.  th<-  in 

1  to  settle,  and  the  wi<l   li<|ui<l  poared  of  ninate  is  then  collected 

on  a  filter,  wa*hed  with  water  as  long  as  the  washing*  taste  acid,  and  dried  by  ex- 
posure to  air. 

The  chemical  change  involve.]  in  tin*  prepar.v  the  t'ulmii 

complicated  by  tin-  f« >rmat i< >n  of  the  secondary  product s  of  tin-  act  ion  of 
nitric  acid  upon  alcohol,  but  if  these  he  left  out  of  consideration,  a  clear 
idea  <  K  tion  may  be  obtain-  <1. 

Tlir  fulminate  of  mercury  is  found,  on  analysis.  t<»  contain  nn-reury, 
carbon,  nitrogen,  and  oxygen  in  proportions  corresponding  t<»  the 
foniuil  II  <  \  <).;  if  the  mercury  be  Mi|ipi^i-d  t<>  exist  in  tl 

\\  liidi    it   \\ould  I.;  1  l.\    ihr  nitric  a«-id.  tliis 

fnnnula    iniu'lit     be    written    HL:<>.<'  N,O.     The    formula    for    alcohol    is 
C,H6O,  and  the  fulminate  «if  niercnrv  appears  to  l.e  derival.l.-  firOIB 
hol  by  the  exchange  of  II     i   i   \    ';.  and  tlu-  addition  of  HgO.     It  has 
been  remark,  d     p.   173)  that  the  action   of  nitrous  acid  (N,OS)  upon 
organic  substances  frequently  results  in  the  removal  of   II     li-.m   the 
substance  in  tlu-  form  «.f  \\ater;   and  it  may  l>e  supposed  that  thi- 
n-suiting from  the  deoxidation  of  the  nitric  acid    l.y  «>ne  portion  of  the 
alcohol.  hris  acted  upon  another  portion  SO  as  to  eliminate  the  \\hoh-  ,,f 
drogen,  and   to  leave,  in    exchange,  2  atoms  of  nitrogen;  thus, 
C  II  n          \  <>,  =  C,N,O  +  3H,O.    'it  is  evident  that  the  coml.inin- 
value  of  the  two  atoms  of  ti-iatomic  nitrogen   is  equal  to   that    • 
atoms  of  hydrogen.1     The  substai.   •    C  x  n-  -upp.^rd  to  l.e  coml.ined 
with  t!  ivury  (though  never  obtained  in  the  separate- 

has  been   nam«  The  chemical  con^tittition  of  the  ful- 

minate will  l.e  more  advantageously  discussed  when  its  pr»|,( -rti. •-  have 
been  c-'ii-idn-.-d. 

I  "/  fulminate  of  Mercury. — This  Kul^tain-r  is  dcpo-itcd  in 
tiie  alio\,-  (.rocess  in  line  needle-like  crystals,  which  often  have  a  gray 
color  from  the  accidental  presence  of  a  little  metallic  men-nrv.  I;  may 

•died  by  Itoilinir  it  with  water,  in  \\hich  it  is  sparingly  solid, 
allowinir  the  fulminate  to  crystal! i/.e   from  the  filtered  KMUiion. 

ate  friction  or  pcrcu^ion  will  cause  it  to  <i>  "lently.  so  that 

it  mii^t  be  krj.t  in  a  corked  bottle  lest  it  should  l.e  exi.lod.  .-nthe 

neck  and  :  :.     It  is  usually  preserved  in  a  wet  state,  with  about 

•!i    its  weight   of  water.  kMiOH    is    attended  with   a    l.ri-_Hit 

flash,  and  with  Lrray  fumes  of  metallic  mercury.      The  simplest  eqi 
to  represent  the  decomposition  would  be  Huf<'.N  ()..        Hi:    :    800        \   : 
and  its  violence  must  be  at tril.utcd  to  the   sndd.-n"   evolution   of  a  large 
volume  of  gas  and  vapor  from  a  small  volum.-  <•!'  s,,iid.  i-r  the  fulminate 
.,  being  exceedingly  lu-avy  (-p.  ur.  t.n.  occupies  a 

I  uith  the  gaseous  pi 

vhen  the  latt.  .indcd    by  the  heat.      The  e\  olut  i..n  of 

lining  the  explosion,  apparently    in  .-out  radiet  ion    to   the  rule  that 
-  absorbed  in  -it  ion.  must  be  ascribed  to  the  ci r. -11111- 

that  the  heat    evolved    by  tl,,-  i  of  the   carh>  di   thatab- 


nit n*u.  uid  is  fmmtd  into  ao  alcoholic  » 


PREPARATION    OF    FULMINATE    OF    SILVER.  475 

sorbed  in  the  decomposition  of  the  fulminate.  A  temperature  of  360° -F. 
explodes  fulminate  of  mercury,  and  the  same  result  is  brought  about  by 
touching  it  with  a  glass  rod  dipped  in  concentrated  sulphuric  or  nitric 
acid.  The  electric  spark  of  course  explodes  it. 

Cap  Composition. — The  explosion  of  the  fulminate  of  mercury  is  so 
violent  and  rapid  that  it  is  necessary  to  moderate  it  for  percussion-caps. 
For  this  purpose  it  is  mixed  with  nitrate  or  chlorate  of  potash,  the  oxi- 
dizing property  of  these  salts  possibly  causing  them  to  be  preferred  to 
any  merely  inactive  substances,  since  it  would  tend  to  increase  the  tem- 
perature of  the  flash  by  burning  the  carbonic  oxide  into  carbonic  acid, 
and  would  thus  insure  the  ignition  of  the  cartridge.  For  militar}'  caps, 
in  this  country,  chlorate  of  potash  is  always  mixed  with  the  fulminate, 
and  powdered  glass  is  sometimes  added  to  increase  the  sensibility  of 
the  mixture  to  explosion  by  percussion.  Sulphide  of  antimony  is  some- 
times substituted  for  powdered  glass,  apparently  for  the  purpose  of 
lengthening  the  flash  by  taking  advantage  of  the  powerful  oxidizing 
action  of  chlorate  of  potash  upon  that  compound  (p.  196).  Since  the 
composition  is  very  liable  to  explode  under  friction,  it  is  made  in  small 
quantities  at  a  time,  and  without  contact  with  any  hard  substance. 
After  a  little  of  the  composition  has  been  introduced  into  the  cap,  it  is 
made  to  adhere  and  water-proofed  by  a  drop  of  solution  of  shellac  in 
spirit  of  wine. 

If  a  thin  train  of  fulminate  of  mercury  be  laid  upon  a  plate,  and  covered,  except 
a  little  at  one  end,  with  gunpowder,  it  will  be  found  on  touching  the  fulminate 
with  a  hot  wire,  that  its  explosion  scatters  the  gunpowder,  but  does  not  inflame  it. 
On  repeating  the  experiment  with  a  mixture  of  10  grains  of  the  fulminate  and  15 
grains  of  chlorate  of  potash,  made  upon  paper  with  a  card,  the  explosion  will  be 
found  to  inflame  the  gunpowder. 

By  sprinkling  a  thin  layer  of  the  fulminate  upon  a  glass  plate,  and  firing  it  with 
a  hot  wire,  the  separated  mercury  may  be  made  to  coat  the  glass,  so  as  to  give  it  all 
the  appearance  of  a  looking-glass. 

Although  the  effect  produced  by  the  explosion  of  fulminate  of  mer- 
cury is  very  violent  in  its  immediate  neighborhood,  it  is  very  slightly 
felt  at  a  distance,  and  the  sudden  expansion  of  the  gas  will  burst  fire- 
arms because  it  does  not  allow  time  for  overcoming  the  inertia  of  the 
ball,  though,  if  the  barrel  escape  destruction,  the  projectile  effect  of  the 
fulminate  is  found  inferior  to  that  of  powder. 

The  fulminate  of  mercury  is  generally  contaminated  with  oxalate  of 
mercury  (HgC204),  which  is  one  of  the  secondary  products  formed  dur- 
ing its  preparation. 

Fulminate  of  silver  is  prepared  by  a  process  very  similar  to  that  for 
fulminate  of  mercury,  but  since  its  explosive  properties  are  far  more 
violent,  it  is  not  advisable  to  prepare  so  large  a  quantity.  10  grains  of 
pure  silver  are  dissolved,  at  a  gentle  heat,  in  70  minims  of  ordinary  con- 
centrated nitric  acid  (sp.  gr.  1.42)  and  50  minims  of  water.  As  soon  as 
the  silver  is  dissolved,  the  heat  is  removed,  and  200  minims  of  alcohol 
(sp.  gr.  0.8*7)  are  added.  If  the  action  does  not  commence  after  a  short 
time,  a  very  gentle  heat  may  be  applied  until  effervescence  begins,  when 
the  fulminate  of  silver  will  be  deposited  in  minute  needles,  and  may  be 
further  treated  as  in  the  case  of  fulminate  of  mercury.1  When  dry,  the 


1  If  the  nitric  acid  and  alcohol  are  not  of  the  exact  strength  here  prescribed,  it  may  be  somewhat 
difficult  to  start  the  action  unless  two  or  three  drops  of  red  nitric  acid  (containing  nitrous  acid)  are 
added.  Standard  silver  (containing  copper)  may  be  used  for  preparing  the  fulminate. 
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fulminate  of  silver  must  )>e  handled  with   the   «_n«  ;ion,  sin, 

\|>|oded   tar  more  easily  than  tin-  im-i  '  :    it  should    |,r  kept  ill 

small  quantities  wrapped  D]  '•  ly  in    p:i  placed    in  :i  card- 

boanl  I-  :ii'_r    harder   than    paper  should  he  employed  in  nianip- 

iil.-it  !!).•  \inleiiee  ••!'  it-  BXplOttoa  renders  it  usele  — 

•  s,   l>nt    it    is  employed    in   detonat  inur    crackers.      Fnlniinate  of 
sil\,  ingly  soluMc   in   cold  water,  but  dissolves  in  36  parts  of 

lioilini:  water. 

If  a  minute  particle  of  fulminate  of  silver  be  placed  upon  a  piece  of  quartz,  and 
gently  pre**cd  with  the  angle  of  another  piece,  it  will  explode  with  a  flash  and  -; 

A  throw-down  detonating  cracker  may  be  made  by  screwing  up  a  parti<  l.»  <>f  tho 
fulminat<>  •  :  -ilv-r  in  a  piece  of  thin  paper,  with  some  fragments  obtained  by  crush- 
ing a  common  quartz  pebble. 

\  |.l...j,,n  <>t'  fulminate  of  silver  may  be  compared  with  that  of  tin-  n 
rait,  by  heating  equal  quantities  upon  thin  <•,.[,  p.  T  <>r  j.lntinuni-foil,  when  tin-  ful- 
iry  will  explode  with  a  slight  putt',  :m«l  will  not  inj  ,  .  but 

r  will'^ive  a  l«»ud  crack  and  rend  a  hoi,-  in  th,-  n,.-tul. 

If  a  particle  of  fulminate  of  silver  be  placed  upon  a  glan  plate  and  touched  with 
a  glass,  rod  dipped  in  oil  of  vitriol,  it  will  detonate  and  leave  a  deposit  of  silver  upon 
the  glass. 


fulminate  of  silver  is  dissolved  in  warm  ammonia,  the  solution 
dejx  ><  »1  ing,  crystals  of  M 

Ag(  Nil    <    \  (  )  .  \\lii(  !i  is  t  \  m  more  violently  explosive,  and  is  danger- 

ous while  still  moist. 

On  adding  chloride  of  potassium  in  excess  to  fulminate  of  silver,  only 
half  tin-  silver  i-  n-movrd  a-  chloride,  ami  the  double  fulnnimt>-  of  silver 
iiinl  \<>.li:.\  !  ,  .  I  \  -!alli/!-«l  from  the  sollll 

tin-  .-an-tnl  addition  of  ni'trir  acid,  tin-  K   may  he  ivplacrd  h\    II,  and  tin- 

\  O,,  obUined,  which  is  easily  solnlilc 

in  lioilino;  watrr.  and  cr\  >talli/.es  out  on  -  1>\   lioilino;  with  01 

of  silvj-r.  it  i>  c<,n\crt«-d  into  tin-  m-ntral  fulminate. 

Various  other  fulminates  and  doiiMe   fulminates   have  been  obta 
They  are  all  more  or  less  explosive. 

'  —The  fact  of  :  nee  of 

:'le  fulminate-  and  acid    fulminates  renders  it  neces-ai  .  the 

.nla  of  fulminate  »>f  si  her,  for  example,  Ag,C,N  (  '  I  of  A-M  '\  «  ». 

in  ordt-r  to  -how  that  half  of  the  -il\cr  i-  capal-h-  of  being  63  i   f"r 

another  metal  «>r  for  hyclro^-n.    It  \\ill  lie  seen  that  this  formula  would  also 

IVj.re-elit    t  \\  «  .   inolecnles  of  r\  aiiate  of   silver   I  Aur<  'N<  >  ).   I'Ht    the   |.r«-per- 

"f  thin  salt  are  entirely  dit!  •  those  of  the  fulminate.      That 

ft  Strong   eonm>ction    e\i-t-.  h«.we\  «  -i  .   between    the    fulminates   and    the 

:i-«-..M,|.oun«l-.  i-  -li'.un  l,\  -everal  reactions.      Thus,  if  fulminate 

ited  with  h\dr«.  chloric  acid,  it   i-  dissolved  \\ith  evolu- 

tion of  a  powerful   od«.r  of   IIN  droe\  aiiic  acid,  \\hilst    mercuric    clil" 

1    OXalatc,  with    hy«lro,  ••  •    ammonia,    remain    in   the    solution. 

Agn  -s  of  fulminate  of  silver  l.e  acted  <.  n  1>\  h\  «li  o-ul|>huric 

n   ---liitioii.  and    I  . 
into    h\diosii||,h"  id.  when    the    hydrosnlphnric    acid    is  in 

_:   the   douMc    fulminate  of  ei.j.j.er  and    ammonia 
'-il        «     N'1         -.\  ith  hydrosul|.hniicacid,thi  :  Inced,  hydro- 

snl|.ho,  ••.  i  and  uiea.  the    latter    ha\  \\\^  t  he  same    comjK  .-it  ion  as 

:uonia  — 

•      m      •    \  0  ii  -        Onfl       JM  o       IHONS       •-'<  M.  \  <». 

Hydr««lphocy.nlc  U|m 
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These  reactions  have  induced  many  chemists  to  regard  the  fulminates 
as  compounds  of  the  metallic  oxides  with  an  acid  having  the  composition 
Cy4O2,  intermediate  in  composition  between  the  hypothetical  anhydrous 
cyanic  acid  (Cy2O)  and  the  Irypothetical  anhydrous  cyanuric  acid  (C}'603), 
but  neither  the  anhydrous  nor  the  hydrated  fulminic  acid  has  yet  been 
obtained  in  a  separate  form.  This  view  of  the  constitution  of  the  fulmi- 
nates, however,  has  the  recommendation  of  simplicuyy,  and  enables  the 
greater  number  of  their  reactions  to  be  easily  explained. 

Fulminate  of  mercury  dissolves  when  boiled  with  solution  of  chloride  of  potassium, 
and  the  solution,  when  evaporated,  yields  crystals  of  fulminurate  or  isocyanurate  of 
potash,  KC3N3H2O3,  which  has  the  same  percentage  composition  as  acid  cyanurate 
of  potash,  KH2Cy3O3,  but  the  acid  contained  in  fulminurate  of  potash  forms  only  one 
series  of  salts,  and  is  therefore  monobasic.  The  fulminurates  are  feebly  explosive. 
The  production  of  fulminuric  acid  from  the  hypothetical  fulminic  acid  may  be 
represented  by  the  equation — 

2(H2C2N202)  +  H20  =  C02  +  NH3  -f  HC3N3H2O3. 


PRODUCTS  OF  THE  DESTRUCTIVE  DISTILLATION 
OF  COAL. 

322.  Much  of  the  extraordinary  progress  made  by  chemistry  during 
the  last  half  century  must  be  attributed  to  the  introduction  and  great 
extension  of  the  manufacture  of  coal-gas.  No  other  branch  of  manufac- 
ture has  brought  into  notice  so  many  compounds  not  previously  obtained 
from  any  other  source,  and,  above  all,  offering,  at  first  sight,  so  very 
little  promise  of  utility,  as  to  press  urgently  upon  the  chemist  the  neces- 
sity for  submitting  them  to  investigation. 

Although  many  important  additions  to  chemical  knowledge  have  re- 
sulted from  the  labors  of  those  who  have  engaged  in  devising  the  best 
methods  of  obtaining  the  coal-gas  itself  in  the  state  best  fitted  for  con- 
sumption, far  more  benefit  has  accrued  to  the  science  from  investigations 
into  the  nature  of  the  secondary  products  of  the  manufacture,  the  removal 
of  which  was  the  object  to  be  attained  in  the  purification  of  the  gas. 

Of  the  compounds  of  carbon  and  hydrogen,  very  little  was  known  pre- 
viously to  the  introduction  of  coal-gas ;  and  although  the  liquid  hydro- 
carbons composing  coal-naphtha  were  originally  obtained  from  other 
sources,  the  investigation  of  their  chemical  properties  has  been  greatly 
promoted  by  the  facility  with  which  they  ma}'  be  obtained  in  large  quanti- 
ties from  that  liquid.  The  most  important  of  these  hydrocarbons,  benzole 
or  benzine,  was  originally  procured  from  benzoic  acid  ;  but  it  would  have 
been  impossible  for  it  to  have  fulfilled  its  present  useful  purposes,  but 
for  the  circumstance  that  it  is  obtained  in  abundance  as  a  secondary 
product  in  the  manufacture  of  coal-gas;  for  leaving  out  of  consideration 
the  various  uses  to  which  benzole  itself  is  devoted,  it  yields  the  nitro- 
benzole,  so  much  used  in  perfumery,  and  from  this  we  obtain  aniline, 
from  which  many  of  the  most  beautiful  dyes  are  now  prepared. 

The  naphthaline  found  so  abundantly  in  coal-tar  possesses  a  peculiar 
interest,  as  having  formed  the  subject  of  the  beautiful  researches  by  which 
Laurent  was  led  to  propose  the  doctrine  of  substitution,  which  has  since 
thrown  so  much  light  upon  the  constitution  of  organic  substances. 

We  are  also  especially  indebted  to  coal-tar  for  our  acquaintance  with 
the  very  interesting  and  rapidly  extending  class  of  volatile  alkalies,  of 
which  the  above-mentioned  aniline  is  the  chief  representative,  and  for 
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'.\hichan-  'he  larure  num 

stances  composing  the  phenyle-ec 

i  which  the  distillation  of  c. ,  ted  are  made  (it  her 

of  cant  in.  n   or  of  stoneware,  gem- rally  1  in  vim;  tin-  form  of  a  fla1 
cylinder,  and  :iir:in_r*  <1  in  sets  of  three  or  five,  heated  by  the  same  coal 

aeh  retort  is  about  two  bushels,  and  is 
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thrown  on  to  the  red-hot  floor  of  the  retort,  as  soon  as  the  coke  from  the 

NM  distillation  has  been  raked  out;  the  mouth  of  the  retort  is  then 

closed  with  an  iron  plate  luted  with  clay.     An  in>n  pipe  rises  fn»m  the 

upper  side  «,r  tin*  front  of  tin-  retort  projecting  from  tin-  furnace,  and  i* 

i  round   at  tin-   upper  extremity,  which  passes  into  the   side  of  a 

much  \\  i.h-r  tul.c.  cnllcil  the  /*>/»//•//»///«•  motfl,  running  above  tin-  I'm  : 

at  right  angles  to  the  retorts,  and  i- cri\  iu^  the  tuhcs  fn»m  all  «»r  tlu-m. 

Thistul.c  is  always  kept  half  full  of  the  tar  and  water  which  c..i,.  l.-n-.-  fn.m 

the  gas,  and  below  the  surfacr  ..f  ihis  |i<jui<l  the  delivery-tubes  fp, 111  the 

retorts  are  allowed  to  dip,  so  that  although  the  gas  can  l.uM.le  tndy 

h  tin-  h. | ii id  as  it  issues  from  the  retort,  none  can  return  through 

'•(•  \\hilst  the  retort  is  open  f»r  the  intnidiM-ti«»n  Of 

The  a«ju.  '.n    of  the  li'|iiid  deposited  in  the  hydraulic  main  is 

known  as  the  ammoniacnl  liquor,  t'n.n.  c|iietl\  of  a  solution 

of  various  salts  of  ammonia,  the  chief  of  which  is  the  sesquicarbouate : 

sulphide,  cyanide,  and  *iilplio< -\  anidc  «»!'  amiiioiiiiim  loiind  in  it. 

Iraulic  main  the  gas  passes  into  the  ooiuifmaer,  which  is 

"»ed    Of  a  series  of  Lent   iron  tul.es  kept  cool  either    l.v    the    lai-e 

|   which   they  e\p.,se  to  the  air.  or  .snliicti::  :n    of  cold 

In  these  are  deposited,  in  addition  to  \\at.-r.  any  of  the  \.-latile 

>nd  Salts  of  ammonia  which  may  ha\e  ese;(|,.  d  c leii-a- 

tion  in  the  hydraulic  main.      KVCII  in  '  \al   of  the 

ammoniacal  salta  is  not  com;  .-ually  necessary  to  pass 
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the  gas  through  a  scrubber  or  case  containing  fragments  of  coke,  over 
which  a  stream  of  water  is  allowed  to  trickle  in  order  to  absorb  the  re- 
maining ammoniacal  vapors. 

The  tar  which  condenses  in  the  hydraulic  main  is  a  very  complex  mix- 
ture, of  which  the  following  are  some  of  the  leading  components — 


Boiling-Point. 

Formula. 

Sp.  Gr. 

NEUTRAL  HYDROCARBONS. 

Liquid. 

Benzole,     

176°  F. 

C,H/ 

0.88 

Toluole,     

230° 

66 

0.87 

Xvlole, 

284° 

C^  TT 

0.87 

Isocumole,i 

338° 

OK 

0.85 

Solid. 

Naphthaline,      .... 

428° 

C   H8 

Anthracene,  .... 

580° 

CUH10 

Chrysene,  

Pyrene,      

L  igilg 

ALKALINE  PRODUCTS. 

Ammonia,      

NH, 

Aniline,     

360° 

•        3 

C6H7N 

1.02 

Picoline,    

271° 

C6H7N 

0.96 

Quinoline,      

462° 

CgH^N 

1.08 

Pyridine,  

240° 

ACIDS. 

Carbolic  acid,     .... 

370° 

C6H60 

1.07 

Kresylic     "         .... 
Rosolic        "        .... 

397° 

C7H80 
C23H2204 

Brunolic     "        .... 

Acetic         "         .... 

243° 

C2H402 

1.06 

The  gas  is  now  passed  through  the  lime-purifier,  which  is  an  iron  box 
with  shelves,  on  which  dry  slaked  lime  is  placed  in  order  to  absorb  the 
carbonic  acid  and  sulphuretted  hydrogen,  and  the  last  portions  of  am- 
monia are  removed  by  passing  the  gas  through  dilute  sulphuric  acid. 

A  great  many  other  methods  have  been  devised  for  the  purification  of 
the  gas  from  sulphuretted  hydrogen,  but  none  appears  to  be  so  effica- 
cious- and  economical  as  that  which  consists  in  passing  the  gas  over  a 
mixture  of  sulphate  of  iron  (green  vitriol  or  copperas),  slaked  lime,  and 
sawdust  (which  is  employed  to  prevent  the  other  materials  from  caking 
together).  The  lime  decomposes  the  sulphate  of  iron,  forming  sulphate 
of  lime  and  hyclrated  oxide  of  iron  — 


CaO.H20  =, 


FeO.H2O 


CaO.S03. 


FeO.S03 

The  action  of  air  upon  the  mixture  soon  converts  the  oxide  into  ses- 
quioxide  of  iron,  which  absorbs  the  sulphuretted  hydrogen  and  the 
hydrocyanic  acid,  producing  with  the  former  sulphide  of  iron,  and  with 
the  latter  Prussian  blue,  or  some  similar  compound.  The  sulphate  of 
lime  existing  in  this  purifying  mixture,  is  useful  in  absorbing  any  vapor 


1  Benzole,  originally  derived  from  benzoic  acid;  Muole,  from  balsam  of  iolu ;  xylole,  found  among  the 
products  from  wood  (£<5Aoi/)  ;  isocumole,  isomeric  with  cumole,  obtained  from  oil  of  cummin. 
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of  carbonate  of  ammonia  from  the  gas,  forming  sulphate  of  ammonia 
an.  I  carbonate  of  li> 

The   action  of  tin-    sulphuretted  hvdro^rn  «m  tin-    M-I|  •:'  ir«»n 

«  t has  repress:  0  1  the 

ciivum-tancr  which  «-speciall~y  conduces  tn  the  economy  of  the  process, 
is  tin-  facility  with  which  tin-  sulphide  of  iron  may  be  reconverted  into 
the  sesquioxide  by  mere  exposure  to  the  action  of  atmospheric  oxygen, 

i  VS  +  Os  =  Fe,O,  +  S,,  thus  iwi\  intr  the  power  of  thr 
absorb  sulphuretted  hydrogen.     Accordingly,  if  a  small  quantity  of  air 
be  admitted  int«»  tin-  purifier  together  with  the  gas,  it  reconverts  the  sul- 
phide of  ir.  .11  into  ses.piioxide,  and  the  oxidation  is  attended  with  enough 

•»  coii\eit  into  vapor  any  benzole  which  may  have  condei, 
the  purifying  iuixture,and  of  which  the  illuminating  value  would  other- 
\\ise  !>e  lost.  The  same  purifying  mixture  may  thus  be  employed  to 
purity  a  very  large  quantity  of  gas,  until  the  separate. 1  sulphur  lias  in- 
creased  its  hulk  to  nu  inconvenient  extent,  when  it  is  distilled  oil  in  iron 
.  The  various  processes  which  have  been  devised  for  the  ivm.»\al 
of  the  bisulphide  of  carbon  vapor  are  mentioned  at  p.  - 

The  purified  gas  is  passed  into  the  gasometers,  from  which  it  is  sup- 
plied lor  consumption. 

In  the  manufacture  of  coal-gas,  attention  is  requisite  to  the  tempera- 
ture at  which  the  distillation  is  effected,  for  if  it  he  too  low,  the  solid 
and  liquid  hydrocarbons  will  be  formed  in  too  great  abundance,  not  only 
diminishing  the  volume  of  the  gas,  but  causing  much  ii.  <•<•  l.y 

ol Mulcting  the  pipes.  On  the  other  hand,  if  the  retort  i*e  too  strongly 
.  the  vapors  of  volatile  hydrocarbons,  as  well  as  the  olefiant  gas 
and  marsh-gas,  may  undergo  decomposition,  depositing  their  carbon 
upon  the  sides  of  the  retort,  in  the  form  of  gas-carbon,  and  !• 
their  hydrogen  to  increase  the  volume  and  dilute  the  illuminating  power 
of  the  gas. 

-e  effects  are  well  exemplified  in  the  following  analyses  of  the  gas 
colleeted  troin  Wigaii  cannel  coal  at  different  periods  of  the  distillation: 


In  100  voltuMt 

1st  hour. 

6th  hoar. 

tiour. 

Oleflant  RM  and  volatile  hydrocarbons, 

ISO 

826 

7.0 

:,.,  o 

0.0 

nic  oxide, 

"fe-  :  :           :  :  : 

8.2 
0.0 
1.8 

11.0 
4.7 

10.0 
600 

](MI 

nu  rease  of  the  carbonic  oxide  after  the  first  hour  must  he  at- 
tributed to  the  decomposition  of  the  aqueous  vapor  by  the  carbon  as 
8  rises,  and  the  increase  of  the  nitrogen  nia\  |>n .!.  ably  he 
to  the  decomposition  of  the  ammonia  into  its  elements  at  a 
high  temperature. 

•  lie  most  useful  of  t  hr  «.,.,•«. ndar\  product*  of  the  coal-gas 
manufacture,  is  the  ammonia,  and  thi>  proems  i,a-  been  already  noticed 

as  a  prni'  «•  of  the  amm<>ni:ieal  salt*  f..nnd  in  coniin- 

\.  \'    is.  'ulness  Stands  the  .oal  tar,  which  de-. 

..iisidera'  ':iat    account,  but    because  the  e\- 


*  taquloxlde  of  iron  luelf,  derived  from  various  aatural  and  artificial  sourcca,  Is  abo  employed  for 

ti,  ,  .-.•.  5  i  si  aMkgai 
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traction  of  the  various  useful  substances  from  this  complex  mixture 
affords  an  excellent  example  of  proximate  organic  analysis,  that  is,  of 
the  separation  of  an  organic  mixture  into  its  immediate  components. 

For  the  separation  of  the  numerous  volatile  substances  contained  in 
coal-tar,  advantage  is  taken  of  the  difference  in  their  boiling-points, 
which  will  be  observed  on  examining  the  table  at  p.  479. 

A  large  quantity  of  the  tar  is  distilled  in  an  iron  retort,  when  water 
passes  over,  holding  salts  of  ammonia  in  solution,  and  accompanied  by 
a  brown  oily  offensive  liquid  which  collects  upon  the  surface  of  the 
water.  This  is  a  mixture  of  the  hydrocarbons,  which  are  lighter  than 
water,  viz.,  benzole,  toltiole,  xylole,  and  isocumole,  all  having,  as  repre- 
sented in  the  table  at  p.  479,  a  specific  gravity  of  about  0.85.  100  parts 
of  the  tar  yield,  at  most,  10  parts  of  this  light  oil. 

As  the  distillation  proceeds,  and  the  temperature  rises,  a  yellow  oil 
distils  over,  which  is  heavier  than  water,  and  sinks  in  the  receiver.  This 
oil,  commonly  called  dead  oil,  is  much  more  abundant  than  the  light  oil, 
amounting  to  about  one-fourth  of  the  weight  of  the  tar,  and  contains 
those  constituents  of  the  tar  which  have  a  high  specific  gravity  and 
boiling-point,  particularly  naphthaline,  aniline,  quinoline,  aud  carbolic 
acid.  The  proportion  of  naphthaline  in  this  oil  augments  with  the 
progress  of  the  distillation,  as  would  be  expected  from  its  high  boiling- 
point,  so  that  the  last  portions  of  the  oil  which  distil  over  become  nearly 
solid  on  cooling.  When  this  is  the  case,  the  distillation  is  generally 
stopped,  and  a  black  viscous  residue  is  found  in  the  retort,  which  con- 
stitutes pitch,  and  is  employed  for  the  preparation  of  Brunswick  black 
and  of  asphalt  for  paving. 

The  light  oil  which  first  passed  over  is  rectified  by  a  second  distilla- 
tion, and  is  then  sent  into  commerce  under  the  name  of  coal  naphtha,  a 
quantity  of  the  heavy  oil  being  left  in  the  retort,  the  lighter  oils  having 
lower  boiling-points. 

This  coal  naphtha  maybe  further  purified  by  shaking  it  with  sulphuric 
acid,  which  removes  several  of  the  impurities,  whilst  the  pure  naphtha 
collects  on  the  surface  when  the  mixture  is  allowed  to  stand.  When 
this  is  again  distilled  it  yields  the  rectified,  coal  naphtha. 

This  light  oil,  especially  when  distilled  from  cannel  coal  at  a  low  temperature'^ 
contains,  in  addition  to  the  hydrocarbons  above  enumerated,  some  belonging  to  the 
marsh-gas  series  (CnH2  -[-  2),  and  others  more  recently  brought  to  light,  belonging 
to  a  series  the  general  formula  of  which  is  CnH2n-2;  but  these  last  appear  to  be  acted 
on  by  the  sulphuric  acid  employed  to  remove  the  basic  substances  from  the  light 
oil,  in  such  a  manner  that  they  are  converted  into  polymeric  hydrocarbons,  having 
the  general  formula  C2nH4n-4)  of  which  the  three  following  have  been  particularly 
examined : 


Formula. 


20 


C12H 
C>, 

C,JL 


Boiling-point. 
410°  F. 
464° 
636° 


The  hydrocarbons,  C6H10,  C7H12,  and  C8HU.  from  which  these  appear  to  have  been 
formed  by  the  action  of  sulphuric  acid,  would  evidently  be  the  higher  homologues 
of  acetylene,  C2H2. 

The  distillation  of  cannel  coal,  and  of  various  minerals  nearly  allied  to  coal,  at 
low  temperatures,  is  now  extensively  carried  on  for  the  manufacture  of  paraffine 
and  paraffine  oil.  (See  Paraffine.) 

The  separation  of  the  hydrocarbons  composing  this  naphtha  is  effected 
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roccRs  in  constant  use  for  similar  purposes,  and  known  as  frac- 

Thi-  (-moists  in  distilling  tin-  liquid  in  a  n-tort  (A.  i  through 

the  tiihiilure  of  which  :t  t  hn  un-meter  (  T  )  passes,  to  in  ••  '••n:- 

peraturc  at  which  it  boils.     The  first  portion  which  distils  over  will,  of 


I  m  fat*]  'l;-ti!! 


course.  :'thttt  liquid  which  has  tlie  lowest  hoilini:  point  ; 

and  if  the  receiver  (R)  be  changed  at  stated  intervals  corresponding  to 

.in  rise  in  the  temperature,  a  series  of  liquids  will  be  ol.i 
containing  substances  the  boiling-points  of  which  lie  within  the  limits 

Of  temperature  l.etweeli   which  such  liquids  were  collected. 

When  these  liquids  are  again  distilled  separately  in  the  same  u 
great  part  of  each  is  generally  found  to  distil  over  within  a  few  degrees 

"ii  either  -  !iie  part  icular  t  em  pel  at  u  re,  \\hieh  represents  the  boil- 

ing-point of  the  snhstanee  of  whieh  that  liquid  chietly  consists;  and  if 
the  receivers  be  again  changed  at  stated  intervals,  a  >e.<>nd  -cries  of 
distillates  will  he  obtained,  the  boiling-points  of  which  are  compiled 
within  a  narrower  range  of  temperature.  It  will  he  evident  t! 
repeated  distillations  of  this  description,  the  mixture  will  eventually  he 
•  d  into  a  number  of  liquids,  each  distilling  over  entirely  at  or 
about  one  particular  degree,  vi/..  the  boiling-point  of  its  chief  con- 
stituent. 


To  nj.j-ly  thi-  to  the  separation  of  tl  nt» 


basic  - 

ru.'.l  tl 

:>N|.llth 

180°  m 

w  ill  be  the  case  at  about  800°. 


naphtha. 


Irtt  agitated  with  ditatA  sulphur!  <-n 

with    a  <li  'i   of  jK'tn-ih,  t«> 

: 

ill«w-  .  tlmt  all  the  water  may  settle  down, 

it  a  small  qii8ntity  <! 

ire  hit-  -*"0.  wh.-n  : 

bi  wL..l-  •-!'  th-  naphtha  has  passed  < 


• ...  Unr*  m!  -  naphtha  whkb  U  dUtill«d  orer  betweeo  180°  and  280°  F. 

M  hrotolr,  and  employed  for  the  praparaUon  of  BI. 
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Ten  unequal  quantities  of  liquid  will  have  been  thus  obtained,  diminishing  as  the 
temperature  rises. 

Each  of  these  must  then  be  distilled  in  a  smaller  retort  than  the  first,  also  provided 
with  a  thermometer. 

The  first  portion  (160°  to  180°)  will  probably  begin  to  boil  at  150°,  and  will  distil 
in  great  part  before  160°,  when  the  receiver  may  be  changed.  When  the  tempera- 
ture reaches  170°  it  will  probably  be  found  that  nothing  remains  worth  distilling. 
The  liquid  passing  over  in  this  distillation  between  160°  and  170°  may  be  added  to 
that  which  is  next  to  be  distilled  (180°  to  200°). 

The  second  portion  (180°  to  200°)  will  begin  to  boil  at  about  175°,  and  will  distil 
over  chiefly  between  that  temperature  and  185°,  when  the  receiver  may  be  changed. 
Nearly  the  whole  will  have  passed  over  before  195°,  and  this  last  fraction  may  be 
added  to  that  previously  obtained  from  200°  to  220°. 

When  all  the  first  series  of  liquids  have  been  thus  distilled,  it  will  be  found  that 
the  second  series  consists  chiefly  of  six  portions  distilling  between  the  following 
degrees  of  temperature,  viz.,  150°-160°,  175°-185°,  180°-190°,  240°-250°,  300°-310°, 
34b°-350°. 

By  another  distillation  of  each  of  these  portions,  a  third  series  of  liquids  will  be 
formed,  consisting  chiefly  of  five  portions  distilling  between  the  following  points, 
viz.,  145°-150°,  175°-180°,  230°-235°,  288°-293°,  336°-342°. 

The  portion  distilling  between  145°  and  150°  is  comparatively  small  in  quantity, 
and  has  not  yet  been  fully  examined. 

That  obtained  between  175°  and  180°  is  more  abundant  than  either  of  the  others, 
and  is  nearly  pure  benzole  (C6H6). 

The  portion  boiling  between  230°  and  235°  is  chiefly  toluole  (C7H8),  whilst  288°  to 
293°  gives  xylole  (CgH10),  and  366°  to  342°  isocumole  (C9H,?). 

In  order  to  separate  the  benzole  completely  from  the  hydrocarbons  which  still 
adhere  to  it,  the  portion  boiling  between  175°  and  180°  is  exposed  to  a  temperature 
of  32°,  when  the  benzole  alone  freezes,  the  other  hydrocarbons  remaining  liquid, 
and  being  easily  extracted  by  pressure. 

A  simpler  method  of  separating  liquids  which  have  different  boiling-points  con- 
sists in  distilling  them  in  a  flask  (F,  Fig.  286)  connected  with  a  spiral  worm  ( W)  of 


FIG.  286. 


Fractional  distillation. 


pewter  or  copper,  surrounded  by  water,  or  some  other  liquid,  maintained  at  a  tem- 
perature just  above  the  boiling-point  of  the  particular  liquid  which  is  required  to 
distil  over.  The  greater  part  oi  the  less  volatile  liquids  will  condense  in  the  worm 
and  run  back  into  the  flask.  Thus,  in  extracting  benzole  from  the  light  oil,  the 
liquid  in  A  might  be  kept  at  180°  F.,  when  the  toluole,  &c.,  would  be  partly  con- 
densed in  the  worm,  and  the  portion  which  passed  into  the  receiver  would  consist 
chiefly  of  benzole.  When  little  more  distilled  over,  the  temperature  of  A  might  be 
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raised  to  230°  and  the  receiver  changed,  when  the  distillate  would  contain  toluole 
a*  its  p  red  ,-Hituent,  and  so  on. 

324.  Benzole.  —  The  pure  benzole  is  a  brilliant  liquid.  exhal- 

I  o.  lor  of  coal-gas;  it  boils  at  176°  1  intlam- 

;.-,  burning  with  a  -in..U\   flame.      It  mixes  readily  with  alcohol  and 
wood-spirit,  l»ut  not  with  water.      Its  property  of  di^nlving  caoutcli 
and  gutta  percha  render-  it  very  useful  in  tin-  arts,  and  it  is  an  excellent 
solvent  for  the  removal  of  grease,  paint.  \<  ..  from  clothes  and  furnii 

Benzole  combines  directly  with  chlorine  to  form  a  solid  f  frensole,  C,  I 

i    i-  decomposed  by  an  alcoholic  solution  of  potash,  yielding  eA/oro&ouofe, 
<  ,11 

•  •  action  of  an  aqueous  solution  of  hypochlorou- 
talline  body  has  been  obtained,  having  the  conipo*.  :m<l  •all*.! 

(1  on  by  alkalies,  this  substance  yields  a  sweet 
substance  called  phenote,  isomeric  with  dry  grape-sugar— 

C,H,C1,O,    -f-    8KHO    =    C.H,,!).    (J*a»«M)    +    8KC1. 

This  substance  has  not  been  crystallized  ;  it  forms  a  deliquescent,  amorphous  mass, 
which  i*  easily  H>lubl«-  in  water  and  alcohol,  hut  in-'lnhl.-  in  .-th.-r.     It  raduOM 
oxides  of  copper  and  .-ilv<r  like  grape-sugar,  and  when  acted  »n  l>y  nitr 
converted  into  oxalic  acid.     Phenote  has  not  been  found  capable  of  fermentn 
by  yeast. 

325.  Aniline.  —  The  chief  purpose  to  which  benzole  is  devoted  is  thr 
;>aration  of  aniline,  which  is  subsequently  (..M\«rtr.l  mt<>  the  brilliant 
s  now  so  extensively  n^-d.     It    has  been  already  noticed  at   (>.  !•;  7, 

that  when  benzole  is  dissolved  in  fuming  nitric  arid,  violent  action  taU.-s 
place,  and  a  dark  red  liquid  is  formed,  from  which  water  pn-.-ipitates  a 
heavy  yellow  oily  liquid,  sim-llin^  of  bitter  almonds,  and  known  as  /< 
benzole,  which  has  the  composition  (II  (NO,),  and  may  be  iv_«::ird«-d  a-, 
derive.!  from  benzole  by  the  substitution  of  a  molecule  of  nitric  peroxide 
for  an  atom  of  hydrogen  — 


C.H.    (*»**)     -f     IlNn,    =    C.HS(NO,)    (*'*»*«**)    4-     U,0. 

When  nitrobenzole  is  placed  in  contact  with  diluted  sulphuric  acid  and 
metallic  /inc.  the  (nascent)  hydrogen  n-nmvr>  the  whole  of  the  ..\\_'rii. 
and  t\\o  atoms  of  hydrogen  are  ac'iuired  instead,  producing  <  '.  H  Nil... 
or  ('  II  x-  -'  — 


C.H4(NO,)    (A^>*u^)    +    H.    =    C.HtN     (J«MM)    +    2H,0. 

That    aniline   has  idaced    mi  own   by  neiitrali/ini:  tin- 

excess  of  sulphuric  a.-iil  with  pota-h.  an-1  ad-linur  chloride  of  lime  (hypo- 
chlorii,-  ,,f  lime),  which  gives  a  line  purple  color  with  aniline. 

The  >!i  "t"  nitr-.l.  en/..!,,   into  aniline  on  a  large  s,-a!e  is  more 

conveniently  effected   by  gently  heating   i'.  "  ''"" 

tilings,  and  d.  \\heii    the   de«>\idi/ing  action  of  the  :tc.-t:ite  .,f 

In.  ••-.].  m.-iterially  assi>:  -alt 

beiii-^  «  into  a  basic  |  fcfl  of  iron  II  <>  l^JKejO,, 

win-  II    in    the  ;!ine   may  be  di-tilled 

cotnpanie.l  I  liatiUation  a  red  oil  passes 

•     which  solidifies  to  a  crystalline  mass.      This  i.  ,/  ,(     II   \. 

:inally  obtained   by  distilling  nit:  h  an  al«-.'lioli(-  >..lution 

ill. 

I  When  i,  .  "hobe  soliitinn.  is   redii  Sue   in   the 

pro-  iivdrochl'  .  the  solution  iieut  rali/.ed  by  carboiia' 
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soda  and  boiled  with  alcohol,  a  crystalline  compound  of  aniline  with 
chloride  of  zinc  (ZnCl.2.2C6H7N)  is  obtained.) 

Since  aniline  is  only  slightly  soluble  in  water,  and  has  the  sp.  gr.  1.02, 
the  larger  portion  of  it  collects  at  the  bottom  of  the  liquid  in  the  receiver, 
which  is  milky  from  the  presence  of  minute  drops  of  aniline  in  suspension. 
By  pouring  the  contents  of  the  receiver  into  a  tall  vessel,  the  greater 
part  of  the  aqueous  fluid  may  be  separated,  and  the  aniline  may  be  puri- 
fied by  a  second  distillation,  when  the  remaining  water  will  pass  over 
first,  the  boiling-point  of  aniline  being  360°  F. 

Aniline1  presents  many  striking  features;  though  colorless  when  per- 
fectly pure,  it  soon  becomes  brown  if  exposed  to  the  air ;  its  odor  is 
very  peculiar  and  somewhat  ammoniacal,  and  its  taste  is  very  acrid.  A 
drop  falling  upon  a  deal  table  stains  it  intensely  yellow.  But  the  charac- 
ter by  which  aniline  is  most  easily  recognized,  and  that  which  leads  to 
its  useful  applications,  is  the  production  of  a  violet  color  with  solution 
of  chloride  of  lime,  by  which  a  very  minute  quantity  of  aniline  may  be 
detected.  The  exact  nature  of  the  chemical  change  connected  with  the 
production  of  this  color  has  not  been  determined,  but  it  is  known  to  be 
an  oxidation,  and  a  great  number  of  processes  have  been  been  patented 
from  time  to  time  for  the  production  of  crimson,  purple,  and  violet  dyes 
by  the  action  of  various  oxidizing  agents  upon  aniline. 

326.  Coal-tar  dyes. — The  first  dye  ever  manufactured  from  aniline  on  a  large  scale 
was  that  known  as  mauve?  or  aniline  purple,  which  is  obtained  by  dissolving  aniline 
in  diluted  sulphuric  acid,  and  adding  solution  of  bichromate  of  potash,  when  the 
liquid  gradually  becomes  dark-colored,  and  deposits  a  black  precipitate,  which  is 
filtered  off,  washed,  boiled  with  coal-naphtha  to  extract  a  brown  substance,  and  after- 
wards treated  with  hot  alcohol,  which  dissolves  the  mauve  The  chemical  change 
by  which  the  aniline  has  been  converted  into  this  coloring-matter  cannot  at  present 
be  clearly  traced,  but  the  basis  of  the  color  has  been  found  to  be  a  substance  which 
has  the  composition  C27H24N4,  and  has  been  termed  mauve.ine.  It  forms  black 
shining  crystals,  resembling  specular  iron  ore,  which  dissolve  in  alcohol,  forming  a 
violet  solution,  and  in  acids,  with  production  of  the  purple  color.  Mauveine  com- 
bines with  the  acids  to  form  salts  ;  its  alcoholic  solution  even  absorbs  carbonic  acid 
gas.  The  hydrochlorate  of  mauveine,  C27H24N4,2HC1,  forms  prismatic  needles  with 
a  green  metallic  lustre. 

Very  brilliant  red  dyes  are  obtained  from  commercial  aniline  by  the  action  of 
bichloride  (tetrachloride)  of  carbon,  bichloride  of  tin,  perchloride  of  iron,  chloride 
of  copper,  mercuric  nitrate,  corrosive  sublimate,  and  hydrated  arsenic  acid.  It  will 
be  noticed  that  all  these  agents  are  capable  of  undergoing  reduction  to  a  lower  state 
of  oxidation  or  chlorination,  indicating  that  the  chemical  change  concerned  in  the 
transformation  of  aniline  into  aniline  red  is  one  in  which  the  aniline  is  acted  on  by 
oxygen  or  chlorine. 

The  easiest  method  of  illustrating  the  production  of  aniline-red,  on  the  small 
scale,  consists  in  heating  a  few  drops  of  aniline  in  a  test-tube  with  a  fragment  of 
corrosive  sublimate  (perchloride  of  mercury),  which  soon  fuses  and  acts  upon  the 
aniline  to  form  an  intensely  red  mass  composed  of  aniline-red,  calomel,  and  various 
secondary  products.  By  heating  this  mixture  with  alcohol  the  red  dye  is  dissolved, 
and  a  skein  of  silk  or  wool  dipped  into  the  liquid  becomes  dyed  of  a  fine  red,  which 
is  not  removed  by  washing.  ^ 

On  the  large  scale,  Magenta  (as  aniline-red  is  commonly  termed)  is  generally  pre- 
pared by  heating  aniftne  to  about  320°  F.  with  hydrated  arsenic  acid,  when  a  dark 
semisolid  mass  is  obtained,  which  becomes  hard  and  brittle  on  cooling,  and  exhibits 
a  green  metallic  reflection.  This  mass  contains,  in  addition  to  aniline-red,  several 
secondary  products  of  the  action,  and  arsenious  acid.  On  boiling  it  with  water  a 
splendid  red  solution  is  obtained,  and  a  dark  resinous  or  pitchy  mass  is  left.  If 
common  salt  be  added  to  the  red  solution  as  long  as  it  is  dissolved,  the  bulk  of  the 
coloring  matter  is  precipitated  as  a  resinous  mass,  which  may  be  purified  from  cer- 

1  Aniline  derives  its  name  from  anil,  the  Portuguese  for  indigo,  from  which  it  may  be  obtained  by 
distillation  with  potash. 
a  French  for  marshmallow,  in  allusion  to  the  color  of  the  flower. 
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tain  Adhering  matter*  by  drying  and  boiling  with  coal-naphtha.     The  red  col- 
matter  is  n  combination  of  arsenic  n>  base,  which  h*«  been 

called  r  -  mition  ('.  !  the  red  solution  of 

ar»<  i  <>t    tun*'  - 

l-ii.:  -aniline  mixed  with  arseniate  of 

;  the  solution  entirely  loses  iU  red  c«-l 

.  H  small  qi.  acid,  the  rosaniline  i- 

converted  mi'  '      B  "ii,  which 

)    be  filtered  off  from   tho  undisaolved  artcnittt  .  \iij«.  rating  the 

tion  to  a  small  bulk,  and  allow!  i  •!.  th>-  acetate  is  obtained  in  crystal* 

which  •-xhil.it  th«-   pecu:  ie    lustre  of  the  wing  of  the  ro*e-b 

•('  the  salU  of  ro«aniline.     This  salt  i«  t 

,ta;  its  coloring  power  is  extraordinary,  H  very  minute  parti*  •!••  im|.urting 
1  tint  to  a  lartM-  volume  of  water.     Silk  and  w<»ol  easii  the  whole" 

•n  the  aqueous  solution,  becoming  dyed  a  fast^and  brilliant  crim- 
soii  ;  vvever,  have  not  *o  st  r 

patt  rked  in  silk  upon  a  piece  of  cambric,  which  is  then  immersed  in  a 

solution  of  Magenta  and  afterwards  washed  in  h<>t  witter,  the  color  will  be  washed 

i  silk  pattern  will  be  . 

ilin-  solution  of  the  acetate  of  rosam  \<-d  with  excess  of  anu 

'•..ilk  of  tho  rosaniline  will  be  precipitated,  but  if  tli. 

hot,  it  deposits  colorless  needles  of  m-aniline.  ome  red  when  exposed  to 

iii.'  uir,  from  absorption  of  carbonic  acid,  and  formation  of  the  red  carbonate  of 

Water  dissolves  but  little  rosaniline;  alcohol  dissolve*  it  abundantly,  forming  a 
deep  red  solution.  Rosaniline  forms  two  clauses  of  salts  with  acids,  those  with  one 
molecule  of  acid  (monacid  salts)  being  crim-on.  and  those  with  three  mol- 

•icid  salts)  having  a  br.-wu  «••.!••:        :  <rless  rosaniline  be  dissolved  in 

•  H   littl.-  dilute  hvdpH-hl..ru-  a»i<l,  a  red  solution   in  obtained,  which  contain  - 
monacid   bjdro<nk>r*ti  «>f  rosaniline,   C^N,,!!    Il<     .   l>ut  if  an  excess  of  li 
chloric  acid  be  a>l<l«l.  the  red  color  disa;  a  brown  solution  is  obt.i 

from  which  tin-  trin.  i<l  hydrochlorate,  CS9H,(NS.8UC1,  may  be  cry  eta  Hi  red  in  broun 
red  needles. 

on  of  the  properties  of  rowinilim-.  tli«-  liijuid  obtained  by 

boiling  a  ;••  with  a  ghghl  except  of  lime  ilitV  :-•  •!  in  water,  and 

tilterin.ir  while  hot.  5«  verv  w«-ll  a«l:i;  -ion  has  a  yellow  color,  an«l 

be  preserved  in  a  stoppered  bottle  without  nlterjtn  i  -h.-d  into  it 

through  a  tuh.-,  tlie  liijuid  h.-ci>me-  r«-d  from  production  of  carbonate  of  roaanilin--. 

«.  '\\  u  hru-h  dipped  in  tin-  !-olutioii  are  invisible  at 
hut  gradually  ac-|ii 

I--.1  -olutioM  of  hydrochlorate  of  roranilii:  'i  with 

hydr<K-hi  •    with  /.inc.  th.-  rolution  beoODIM  OOloi 

rosaniline  acquiring  two  atoms  of  :  >ing  leucanilinr    tr<>ia 

Afwtff,  whitr)  C^U^Nj.   th-  hydrodklormit  of   which  9<  m«  a 

colorless  <  >xidizing  agents  reconvert  tin  r-.-auiln. 

has  been  ol,-,-r\  .-,1  that  /•»«<•/•  aniline  ilo,-.  :  Milin.-r.-d  wh.-n  h.-al.-.l  w  it  !. 

rosive  sublimate  or  --ary   that    it   -hould  n-ntain  ni. 

organic  I  <    i!        .  the  .*amo 

wa\  :'n«m 

coal-naphtha  a  rained  fr«-n. 

S«lil  in«  lia-  in 

r«il  aniline  b«-  prepared   «itli  ;  riv.-d 

>'i<l,andtt;  .  >le,  no  red  is  obtained       \       ureof 

70  part-  of  toluidine  with  80  of  aniline,  i-.  said  to  answer  best  for  the  preparation  of 
•lorinjij  matters.     Such  a  mixture  w 


N  t  and  one  -  ,'"ring  the 

removal  of  Ht  l',\   ull  oxi.li/.ini;  a^.  -i  ' 

•11;  the  jsi-cotidary 
n    thi-   pr.  •;  !  aniline- 

having    tl 

^inline  ha-  basicpro] 

.   .hluti-d  h\ 

le  in 
strong  h  re  of 

chry»Mtii  "£  folubn  itrutu.     Even  from  a  dilute  solution 
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of  the  hydrochlorate,  nitric  acid  precipitates  the  nitrate  of  chrysaniline  (C^t^Ng. 
HNO3)  in  ruby-red  needles. 

Aniline-blue  is  produced  when  a  salt  of  rosariiline  (the  commercial  acetate,  for 
example)  is  boiled  with  an  excess  of  aniline,  which  converts  the  rosaniline  (C.20H19N3) 
into  triphenylic  rosaniline  (C20H16(C6H5)3N3),  which  maybe  regarded  as  having  been 
formed  bv  the  introduction  of  three  molecules  of  the  hypothetical  radical  phenyle 
(C6H5)  in  place  of  three  atoms  of  hydrogen,  the  latter  having  been  evolved  in  the 
form  of  ammonia  — 


of  ammonia  — 

C.20H19N3HC1  +  3[(C6H5)H2N]  =  C20H16(C12H5)3N3.HC1 

Hyclrochlorate  of  Aniline.  Hydrochlorate  of 

rosaniline.  triphenylic  rosaniline. 


3NH. 


Thehydrochlorate  is  an  ordinary  commercial  form  of  aniline-blue;  it  has  a  brown 
color,  refuses  to  dissolve  in  water,  but  yields  a  fine  blue  solution  in  alcohol.  If  it 
be  dissolved  in  an  alcoholic  solution  of  ammonia,  the  addition  of  water  causes  a 
white  precipitate  of  the  hydrated  base,  triphenylic  rosaniline,  C20H16(C6H.)3N3  H2O, 
which  becomes  bluish  when  washed  and  dried. 

Just  as  rosaniline  yields  leucaniline  when  acted  on  with  nascent  hydrogen,  so  tri- 
lenylic  rosaniline  yields  triphenylic  leucaniline  (C20H18(C6H5)3N3)  ;  this  is  not  basic 


like  leucaniline,  but  a  colorless  neutral  substance,  which  is  reconverted  into  blue  by 
oxidizing  agents.  Compounds  corresponding  to  triphenylic  rosaniline,  but  contain- 
ing methyle,  ethyle,  or  amyle  in  place  of  phenyle,  are  obtained  by  digesting  rosani- 
line with  the  iodides  of  these  radicals,  at  a  high  temperature,  in  sealed  tubes.  Thus, 
by  the  action  of  iodide  of  ethyle  (C2H5I)  upon  rosaniline,  a  blue  crystalline  body, 
insoluble  in  water,  but  soluble  in  alcohol,  is  obtained,  which  is  a  compound  of  ethyle 
iodide  with  triethylic  rosaniline;  C^H^C,,!^^]^. 

C20H19N3  +  4C2H5I  =  C20H16(C2H5)3N3.C2H5l  +  3HI. 

Rosaniliue.  Kthyl-iodate  of 

tri-etliyl-rosauiline. 

Aniline-violet  appears  to  be  formed  in  a  similar  manner.  Other  compounds  have 
been  obtained  from  aniline,  presenting  almost  every  variety  of  color.  A  green  dye 
is  prepared  by  the  action  of  a  mixture  of  hydrochloric  acid  and  chlorate  of  potash 
upon  aniline,  and  under  particular  conditions  a  black  may  be  obtained  with  the  same 
agents.  Another  green  has  been  made  by  acting  upon  Magenta  with  aldehyde. 

When  a  solution  of  acetate  of  rosaniline  is  treated  with  cyanide  of  potassium,  it 
gradually  loses  its  red  color,  and  deposits  a  white  crystalline  precipitate  of  a  base 
which  has  been  termed  hydrocyan-rosaniline,  having  the  formula  C21H20N4,  and 
contains  the  elements  of  rosaniline  and  hydrocyanic  acid  ;  but  this  acid  cannot  be 
detected  in  it  by  the  ordinary  tests,  leading  to  the  belief  that  the  new  base  should 
be  regarded  as  leucaniline  (C^H^IS^),  in  which  one  atom  of  hydrogen  is  replaced 
by  a  molecule  of  cyanogen  (C20H20(CN)N3).  The  hydrocyan-ro.-aniline  is  almost 
insoluble  in  water,  and  sparingly  soluble  in  boiling  alcohol.  When  precipitated 
from  its  salts  by  adding  an  alkali,  it  becomes  pink  on  exposure  to  sunshine. 

The  present  extensive  application  of  aniline  to  the  manufacture  of 
these  dyes  affords  a  most  striking  example  of  the  direct  utility  of  pure 
chemistry  to  the  arts ;  for  only  twelve  or  fifteen  years  ago,  the  name  of 
this  substance  was  not  known  to  any  but  scientific  chemists,  whilst  at 
present  many  tons  are  annually  consumed  to  supply  the  wants  of  the 
dyers  of  silk  and  woollen  goods. 

327.  Aniline  ranks  as  a  powerful  organic  base,  combining  readily  with 
acids  to  form  salts,  which  are,  generally  speaking,  easily  crystallized. 
Like  ammonia,  it  unites  directly  with  the  hydrated  acids,  without  any 
separation  of  water;  thus,  the  formula  of  sulphate  of  aniline  is  2C6ir7N. 
H2O.SO3,  just  as  that  of  sulphate  of  ammonia  is  2NH3.H2O.S03.  With 
the  hydrogen  acids,  also,  aniline  unites  like  ammonia,  for  hydrochlorate 
of  aniline  is  C6H.N.HC1,  and  hydrochlorate  of  ammonia,  NHVHC1 ;  and 
exactly  as  the  addition  of  potash  to  the  salts  of  ammonia  causes  the 
separation  of  ammoniacal  gas,  so  when  added  to  the  salts  of  aniline,  it 
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M  in  the  f..nn  of  oily  drops,  which  render  tin-  liquid 

milky.      This    resemblance  in  disposition  between    aniline   :iini  ammonia 
leads  to  tin-  iinprrssii.ii  that  they  must  be  moulded  after  ft  common  t  \  p.-, 
.    .  nliiir  is  oft, -n  represented  as   formed  from   ammonia 
.Nil    i  bj   th«   substitution  of  the  compound  radical    plienyh 

MI  of  h\dro._ren,  and,  upon  this  supposition,  is  termed  pfont/fa 
\ll     C  II    ,          0   M    V 

•v  of  the  constitution  of  aniline  is  supported  by  the  circum- 
stance of  its  formation  when  phenir  or  carbolic  acid  is  heated  \\ith  am- 
monia in  a  tube  hermetically  sealed  ;  for  there  is  reason  to  believe  that 
this  acid,  mentioned  above  as  one  of  thr  chief  met-  <»f  the  de- 

structive distillation  of  coal,  is  phenylic  hydrate  ((',11  >ll<  >,  and  its  ac- 
tion upon  ammonia  would  then  be  clearly  explained  by  the  equation— 

(C.HJHO  +  NH,  =  H,0  +  NH,(C.HJ 

acid.  Aniline  or 

phenyUmloe. 

When  aniline  is  dissolved  in  alcohol  and  acted  on  by  nitrous  acid,  two  ni< 
i.f  it  loses  three  atoms  of  (monatoinic)  hydrogen,  and  acquire,  in  their  stead,  one 
truitomic)  nitrogen,  depositing  a  yellow  compound,  which  ha*  been  called 
diaxoamidobcmoU — 

4C,H7N  +  N,0,  =  2CUHUN,  +  8H,O. 
Aniline.  DUutoamidobeniole. 

When  the  nitrous  acid  acts  upon  a  hot  solution,  a  base  ie  formed  isomori 
the  above, and  called  amido-diphenylimide,  which  is  identical  with  a  yellow  coloring 
I. ruined  by  the  action  of  stannale  of  soda  upon  a  salt  of  aniline.     lUsli^litl y 
Unions  impart  an  intensely  yellow  color  to  silk  or  wool,  which  is  removed  by 
li-'tit,  the  base  being  volatile.     The  action  of  nitrous  acid  on  aniline  afford*  I 
ample  of  a  general  method  of  producing  compounds  in  which  nitrogen  is  subtftituird 
for  hydrogen. 

Accompany  ing  the  aniline  in  coal-tar,  there  are  found  three  other  bases, 
vi/...  .  and    >fniiinlin»'.      It    will   be  seen    thai    picoline 

'<'  II  \  is  isomeric  with  aniline,  from  which,  however,  it  dillers  in  a 
very  striking  manner,  for  its  salts  are  by  no  mean-  Mtttyj  .  r\  >talli/alile, 
and  it  furnishes  no  violet  color  with  oxidizing  agents,  siu  h  as  chloride 
of  lime.  Picoline  occurs  among  the  products  of  the  distillation  of  hones, 
(^uinolinr  is  also  formed  when  some  of  the  vegetable  alkaloid-  arc  dis- 
tilled with  hydrate  of  potash. 

328.  The  other  constituents  of  the  light  coal  naphtha,  vi/...  tolu«»le, 

1   isociimole.  though  not  so    important  as  ln-n/««lr.  mi    a- 
of  their  practical  applications,  Stand  in  a  highly  intei  .-t  n,-    relation  to 
it  and  to  each  <>tl 

These  four  liquids  are  members  of  a  homoloy  .  that  is,  of  a 

series  hers  of  v  ?  >•!.,/>},,•   -  ••/'//*•• 

same  elements.  Thus,  toluol,  •  i  I  }  |f  aeea  to  oonUin  CH,  more  than 
benzole  (C,H4),jii8t  a«  is. M-umoir  - 1  H  n»  CH  more  than 

(C.H       ,      0  tO    the    table    |  .   i!   \\ill"  be    Mefl    that    the 

builin --points  of  the  members  of  this  s«-rie>  arc  raised  ."•  J  !•'.  for  each 
addition  of  r|I  .  Thus.  \  \  1<  ,1,  i  < '  1 1 ,  l,()|Nat  2M4,or.r>4  higher  than 
toluole(('.H  i,  uhich  boils  at  230°,  whilst  be,,/  ,  <  I!  at  54C 

below  this,  or 
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The  members  of  this  group  are  also  intimately  connected  with  those 
of  another  homologous  series,  known  as  aromatic  acids,  including — 

Benzole  acid,  .  .  C7H6O2 
Toluic  acid,  .  .  C8H8O2 
Cuminic  acid,  .  .  C10H12O2. 

By  distilling  each  of  these  acids  with  hydrate  of  baryta,  the  corre- 
sponding hydrocarbon  is  obtained,  a  molecule  of  carbonic  acid  being 
removed  by  the  baryta ;  thus, 

C7H602   (Benzoic  acid)    —    CO,   =    C6H6   (Benzole). 

The  similarity  between  this  decomposition  and  that  by  which  marsh- 
gas  (CH4)  is  derived  from  acetic  acid  (C2H4O2)  will  be  at  once  apparent 
(see  p.  128). 

Each  member  of  this  series  of  hydrocarbons,  when  acted  upon  by 
nitric  acid,  yields  a  nitro-compound  corresponding  in  composition  to 
nitrobenzole,  and  this,  under  the  influence  of  reducing  agents  (such  as 
acetate  of  iron,  or  the  hydrosulphate  of  an  alkaline  sulphide)  yields  a 
base  homologous  with  aniline. 

Thus  we  have  the  three  following  homologous  series: 


Hydrocarbon. 
Benzole,     C6H6 
Toluole,      C7H8 
Xylole,      C8H10 


Nitro-compound. 
Nitrobenzole,     C6H5NO2 
Nitrotoluole,      C7H7NO2 
Nitroxylole,       C8H9NO2 


Base. 


Aniline,  C6H7N 
Toluidine,  C7H9N 
Xylidine,  C8HUN. 


329.  Carbolic  or  phenic  acid,  or  phenole  (C6H602),  derives  its  interest 
chiefly  from  its  constituting  a  great  part  of  the  ordinary  commercial 
creasote  (from  xpla-,  flesh,  and  ffw^w,  to  preserve).  It  is  also  present 
in  cow's  urine,  and  in  that  of  some  other  animals.  It  is  found  chiefly  in 
the  heavy  or  dead  oil  of  coal-tar  (p.  481),  particularly  in  that  portion 
which  distils  over  between  300°  and  400°  F.,  when  the  oil  is  submitted 
to  fractional  distillation,  and  it  appears  to  be  the  carbolic  acid  which 
confers  upon  this  heavy  oil  its  valuable  antiseptic  properties,  leading  to 
its  employment  for  the  preservation  of  wood  from  decay. 

In  order  to  extract  the  acid  from  that  portion  of  the  dead  oil  which  distils  between 
300°  and  400°  F.,  it  is  shaken  with  a  hot  concentrated  solution  of  hydrate  of  potash 
and  some  solid  hydrate  of  potash.  A  white  crystalline  mass  is  deposited,  which  is 
separated  from  the  liquid  portion  and  treated  with  a  little  water,  when  a  solution 
of  carbolate  of  potash  is  obtained.  This  is  separated  from  a  quantity  of  oil  which 
floats  above  it,  and  decomposed  with  hydrochloric  acid,  when  the  carbolic  acid 
separates  as  an  oily  layer  upon  the  surface.  This  is  drawn  off,  digested  with  a  little 
fused  chloride  of  calcium  to  remove  the  water,  and  distilled.  The  distilled  liquid, 
when  exposed  to  a  low  temperature,  solidities  to  a  mass  of  long  colorless  needles, 
which  are  liquefied  even  by  the  warmth  of  the  hand  (93°  F.). 

Carbolic  acid  has  the  peculiar  taste  and  smell  of  creasote.  It  dis- 
solves sparingly  in  water,  but  readily  in  alcohol.  When  a  piece  of  deal 
is  wetted  with  solution  of  carbolic  acid,  and  afterwards  with  hydro- 
chloric acid,  it  becomes  blue  on  drying. 

The  genuineness  of  a  commercial  sample  of  carbolic  acid  may  be  tested  by  shaking 
about  a  drachm  of  it  with  half  a  pint  of  warm  water,  which  will  dissolve  the  pure 
acid  entirely,  but  will  leave  any  "dead  oil  "  undissolved.  A  solution  of  one  part  of 
caustic  soda  in  ten  parts  of  water  should  dissolve  five  parts  of  pure  carbolic  acid. 

When  carbolic  acid  is  shaken  with  one-fourth  of  its  weight  of  water,  and  exposed 
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of  80°  F.,  it  depoclU  six-sided  prismatic  crysUU  of  a  hydrate, 
0  11,0.  which  »*  s»hihl<-  in  wat  .  nnd  fuMMttlGl0  F. 

Tin-  ><  ties  of  carbolic  acid  are  of  a  very  feeble  and  d« 

It  it  more  pr..|,rrly  regarded  M  phenylic  alcohol  or  phenyle  hydrate  (fjl    II". 

Carbolic  acid  is  very  largely  used  as  an  antiseptic  agent.     In 

•  is  found  very  valuable,  especially  for  tin-  treatment  of  putrid 
sores;  ami.  in  admixt  uiv  \\itli  sulphite  of  lime,  it  forms  the  substance 
known  as  MacDouynll'* 


330.  Carbazotic  Acid.—  When  carbolic  acid  is  boiled  with  fuming 
nitric  acid,  the  solution,  on  cooling,  deposits  beautiful  yellow  ci 

>r  picric  acid,  also  called  trin  ///•»•/•/»'• 

n.  •/,/.  beeaiiM'  it  appears  to  be  formed  from^>lu»nic  acid  by  the  substitu- 
tion ••!'  ;\()j  for  H,,  just  as  nitrobenzole  is  formed  from  benzole  by  the 
substitution  of  NO,  for  II. 

The  competition  for  picric  acid,  upon  this  view,  would  be  expressed 
by  the  formula  HC,H2(NO,)3O,  the  atom  of  hydrogen  being  capable  of 
displacement  by  a  metal,  forming  a  picrate  or  carbazotate  ;  thus  if  the 
acid  U  -added  to  a  solution  of  potash,  a  yellow  precip  it  ate  of  carbazotate 
<>f  potash,  KCgH^NOJgO,  is  obtained,  which  has  led  to  the  employment 
of  this  acid  as  a  test  for  potash. 

Carbazotic  acid  is  not  easily  soluble  in  water,  but  dissolves  readily  in 
•  1.      Its  solutions  have  the  property  obtaining  the  skin  and  other 
organic  matters  yellow,  which  is  turned  to  advantage  by  the  -.ill, 
The  intensely  bitter  taste  of  the  acid  has  also  led  to  its  employ  meni  for 
the  adulteration  of  beer,  to  simulate  the  bitter  of  the  hop. 

Carbazotic  acid  is  a  very  common  product  of  the  act  inn  of  nitric  acid 
upon   organic  substan*  •«•«.  :   indigo,  silk,  and  many  n-in-.   furni-h   it   in 
considerable  quantity.     It  is  economically  obtained   in  a  pure  state  by 
•it.  n  of  nitric  acid  upon    l.otany  Hay  gum,  but  considerable  ijuan- 
ire  manufactured  for  the  dyer  by  treating  the  crude  carholi 
from  eoal  tar  with  nitric-  aeid.     Carbazntir  acid,  as  mi^ht  be  anticipated 
I'M.  m   its  eomposition,  explodes  when  sharply  heated,  its  carbon  and 
h\dro'_rt.n  beinu'  oxidi/ed  l»y  the  nitric  peroxide. 

nMilled   with   chloride  of  lime,  it  yields  a 

heavy  colorless  oil  having  a  very  pungent  odor  of  mu-t;ird.  and  boiling 

at  248°  F.1     This  su  .-alK-d  «•/,/„/••.,  -id  has  the 

ual.le    tormula   ('<  'inch    may    !.»•    r.-prr-rntrd    a.    formed 

upon  the  type  of  marsh-gas,  CH,,  in  which  three  atoms  of  the  hydrogen 

-•d    by   clil..rine,  and    the   fourth   by  nitric   peroxide.     Chloio- 

pierine    is    tVeqiieiitly   met  with  among  the   products  of  the  action  of 

chlorinating  agents  upon  organic  substances.     It  is  almost  insoluble  in 

.  but  dissolve-,  easily  in  alcohol  and  ether. 

When  an  alcoholic  solution  of  chl..ropicrin.  is  letod  <»n  by  sodium,  it 
yields  the  subcarbonate  of  eth\le,  and  \\  •  d  with  c\:mide  of 

potassium,  it  exchanges  two  atoms  of  chlorine  :  Aiming  an 

unstat  •  d  M-mi-lluid   Mjb.stance.  liaving   the  . 

.  \\ln.-h  max    be  regarded  as  -!.-ii\ed  from  mai  '    II.)  by  the 

utioii  of  two    molecules  of  cyanogen,  one   atom  of  chlorine,  and 
one  molecule  of  nitric  peroxide,  for  tin-  four  atoms  of  hydro-,  -n. 

:ive   to   ,  sjtion    of   the    most    im- 

portant members  of  the  phenyle  series,  as  that  group  of  organic  MM* 

I!     :;..   .:.:. 
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pounds  is  termed,  which  are  derived  from  the  hypothetical  radical  phe- 
nyle  (C6H5)- 

Benzole  or  hydride  of  phenyle,    .         .         .  H(C6H5) 

Aniline  or  phenylamine,       ....  NH.fC.H.) 

Phonic  acid, H(C6H5)0. 

Trinitrophenic  or  picric  acid,         .         .         .  H[C6H2(NO2)3]O. 

It  is  evident  that  whilst  aniline  may  be  regarded  as  ammonia  in  which 
the  hypothetical  phenyle  is  substituted  for  an  atom  of  Ir^drogen,  phenic 
acid  can  be  represented  as  formed  from  a  molecule  of  water  by  the  sub- 
stitution of  phenyle  for  half  the  hydrogen,  and  benzole  may  be  repre- 
sented as  a  molecule  of  hydrogen,  HH,in  which  one  of  the  atoms  is  re- 
placed by  phenyle. 

Some  specimens  of  the  creasote  found  in  commerce  boil  at  a  higher 
temperature  than  carbolic" acid;  this  is  due  to  the  presence  of  kresylie 
arid  (C.H8O2),  corresponding  to  carbolic  acid,  but  regarded  as  contain- 
ing the  hypothetical  radical  kresyle  (C7H.)  in  place  of  phenyle.  The 
analogy  in  composition  is  attended  with  a  resemblance  in  properties, 
for  kresylic  acid  has  the  same  antiseptic  property  as  carbolic  acid,  and 
is  applicable  to  similar  purposes.  When  acted  on  by  nitric  acid,  it 
yields  trinitrokresylic  acid  (HC7H4(NO2)3O),  just  as  carbolic  acid  gives 
trinitrophenic  acid  (HC6H2(N02)30). 

331.  Naphthaline. — The  most  prominent  constitutent  of  the  heavy  oil 
of  coal  tar  is  the  naphthaline,  which  is  easily  procured  in  a  pure  state 
from  the  portions  obtained  at  the  close  of  the  distillation,  by  simply 
pressing  the  semisolid  mass  to  remove  any  liquid  hydrocarbons,  and 
boiling  with  alcohol,  from  which  the  naphthaline  crystallizes  on  cooling 
in  brilliant  pearly  flakes,  which  may  be  still  further  purified  by  the  pro- 
cess of  sublimation. 

In  itself  naphthaline  is  not  very  interesting,  being  a  remarkably  in- 
different substance,1  but  it  has  been  made  the  subject  of  several  beauti- 
ful investigations  which  have  thrown  much  light  upon  the  action  of 
chemical  agents  on  organic  compounds  in  general. 

The  most  important  of  -these  researches  is  that  upon  the  action  of 
chlorine  and  bromine  on  naphthaline,  which  originated  the  now  almost 
universally  accepted  doctrine  of  substitution,  and  full}'  established  the 
fact,  that  an  element  ma}'  be  replaced  in  a  given  compound  by  an  equiv- 
alent quantity  of  another  element  of  a  totally  different  chemical  char- 
acter. 

Thus,  by  the  action  of  chlorine  upon  naphthaline,  the  hydrogen  is 
removed  in  the  form  of  hydrochloric  acid,  and  there  are  obtained  six 
new  compounds  by  the  progressive  substitution  of  chlorine  for  the 
hydrogen,  which  Laurent  distinguished  by  names  indicating  the  number 
of  atoms  of  chlorine  present  by  means  of  the  different  vowels  in  the  last 
syllable,  introducing  a  new  penultimate  syllable  when  the  vowels  were 
exhausted,  as  will  be  seen  in  the  following  list  : 


Naphthaline, 

Chlonaphtase, 

Chlonaphtese, 


Chlonaphtise, 
Chlonaphtose, 


C10H6C1 


Chlonaphtuse,  .  .  Wanting 
Chlonapbthalase,  .  .  C10H2C16 
Chlonaphthalese,  .  .  Wanting 


Chlonaphthalise, 
It  will  be  observed  that  the  original  naphthaline  type  is  here  pre- 

1  A  new  crimson  dye,  Magdala,  has  been  prepared  from  naphthaline. 
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i  throi].jh,.iit.  the  sum  of  the  atoms  being  always  18,  and  the  num- 
ber of  carbon  atoms  10. 

One  of  the  most  unexpected  results  of  Laurent  s  investigation  was  the 
discovery  that  some  of  these  compound-  may  I..-  ..I.  tain..  I  in  Mrera]  dis- 
>rmsor  modification-.  \\  hich  are  isomeric.  <>i  !  Mir  compo- 

sition, hut  exhibit  very  ditlen-nt  properties.  Thus.  there  are  seven 
\  a  1  1<  ties  of  chlonaphtese,  all  containing  C10H€C1,,  ami  yet  <litrerin<r  from 
each  other  as  much  as  substances  not  having  .tin-  same  composition. 
Two  of  them  an-  liquids,  and  the  five  solid  forms  all  fuse  at  dill,  r,  nt 
temperature-.  ranging  between  88°  and  214°  F.  Seven  different  forms 
of  chlonaphti-c  likewise  exist,  and  four  of  chlonaphtose. 

To  account  for  this.  Lam.  nt  8up|K)sed  it  to  be  by  no  means  indifferent 
which  particle  of  hydrogen  has  been  removed  from  the  compound,  be- 
Heving  each  to  have  its  assigned  place  and  specific  function.  Thus  it 
may  easily  be  conceived  that  the  replacement  of  di  tie  rent  particles  of 
hydrogen  by  chlorine  should  give  the  seven  modifications  of  chlo- 
naphtese  — 

Naphthaline,  C,0HH  II  II  II  HUH 

Chlonaphtese  a,  C^'U  Mil  II  II  II  II  II 

Chlonaphtese  £,  CJIIinrill  H  II  II. 

and  so  on.  Other  more  recent  investigations  has  given  greater  proba- 
bility to  this  hypothesis. 

nine,  as  might  be  anticipated,  yields  results  similar  to  those  with 
chlorine,  but  it  could  not  have  been  predicted  that  substitution  .,  im- 
pounds might  be  obtained  iu  which  one  part  of  the  hydrogen  is  replaced 
l-\  chlorine  and  the  other  by  bromine.  Thus,  by  acting  upon  a  chlorine 
substitution  compound  with  bromine,  or  vice  versa,  the  following  sub- 
stances were  |  *  rod  u  < 


C,0H5Cl,Br 
Chlorebronaphuwe,  '     l!4Cl,Br, 

'      ><,< 


Brnmechlonaphtuse,          «      II   l5r,C'l, 
Bromachlonaphtoee,          C,9H4BrClt 

It  will  be  observed  that  chloribronaphtose  and  bromachlonaphto^ 

have  the  s.-iine  composition,  thouirli  they  po«.x»->s  diirerent  j»roprrties, 
and  are  obtained  in  very  different  ways,  the  former  l»einur  pn-cuicd  l>\ 
the  action  of  bromine  on  chlonaphtisr  (('  I  1  the  latter  by  the 

acti.  ,n  of  chlorine  up.,  n  bronaphtoe  (  <      II.!'.:    i.      A  not  her  roiifmnat  ion 
is  thus   obtained  of  the    belief,  that    upon  t  he  po-it  imi  of  t  he    h\M 
which  is  replaced  depends  the  character  of  the  resulting  compound. 

If   capable   of  direct    union  with    chlorine    to    form    t\\o 
i     Afl    the    foriiiula-    (',11  '      M.  <  '!,. 

which  »us|y  be  regarded  as  composed  of  substitution  products 

;ied  with  h\  droi-lilorie  :i,-i,l. 

;i   a«  ted    upon    by  nitric  acid,  naphthaline  furnishes  three  substi- 
tution   product-,  in  \\hidi    one,  two,  and    t  i>  of    hydrogen    are 

ich  of  these  compounds,  under  the  inline 


1  In  i«wlpg  ih»e  coapoaDd*,  L«ur>  t 

r- when  tb<>  com  poo  od  hat  teea  obuln 
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reducing  agents,  yields  a  base,  just  as  nitrobenzole,  under  similar  treat- 
ment, yields  aniline. 

By  prolonging  the  action  of  boiling  nitric  acid  upon  naphthaline, 
and  evaporating  the  solution,  crystals  of  naphthalic  or  phthalic  acid, 
H2C8H404,  are  obtained.  Through  this  acid,  naphthaline  is  connected 
with  the  phenyle  series  ;  for  when  phthalic  acid  is  heated  with  lime,  it 
is  resolved  into  carbonic'  acid  and  benzole — 

H2C8H404    +     2CaO  C6H6     +     2(CaO.CO2). 

Phthalic  acid.  Benzole. 

Moreover,  by  digesting  phthalate  of  lime  with  hydrate  of  lime  at  an 
elevated  temperature  for  several  hours,  it  is  converted  into  benzoate  and 
carbonate  of  lime — 

2CaC8H404    +     CaO.H20     =     Ca(C7H502)2     +     2(CaO.C02). 

Phthalate  of  lime.  Benzoate  of  lime. 

Anthracene  or  Paranaphthaline,  C14H10,  which  is  found  among  the 
last  products  of  the  distillation  of  coal-tar,  differs  from  naphthaline  in 
being  almost  insoluble  in  alcohol,  and  fusing  only  at  356°  F.,  whilst 
naphthaline  fuses  at  174°  F.1 

Chrysene  and  pyrene  are  obtained  at  the  close  of  the  distillation  of 
coal-tar ;  they  are  crystalline  solids  not  possessing  an}'  special  impor- 
tance, and  have  also  been  observed  among  the  products  of  the  destructive 
distillation  of  fatty  and  resinous  bodies. 


DESTRUCTIVE  DISTILLATION  OF  WOOD. 

332.  The  destructive  distillation  of  wood  may  be  advantageously 
studied  in  order  to  gain  an  insight  into  the  effects  of  heat  upon  organic 
substances  comparatively  free  from  nitrogen,  just  as  that  of  coal  may 
serve  as  a  general  illustration  of  the  behavior  of  nitrogenized  bodies 
under  similar  treatment. 

The  principal  distinction  between  the  two  cases  will  be  found  to  con- 
sist in  the  absence  of  basic  substances  from  the  products  of  the  distilla- 
tion of  non-nitrogenized  bodies. 

All  varieties  of  wood  (freed  from  sap)  consist  essentially  of  cellulose, 
lignine,  and  mineral  substances  or  ash.  The  cellulose  (C6H10O5)  com- 
poses the  wood  cells,  and  is  therefore  the  most  important  constituent  of 
the  wood,  the  lignine  being  the  material  with  which  these  cells  are  lined, 
and  which  appears  to  have  a  great  influence  upon  the  hardness  of  woods, 
being  more  abundant  in  the  harder  varieties,  and  particularly  in  such 
hard  appendages  as  nutshells.  Lignine  is  far  more  easily  dissolved  by 
alkalies  than  cellulose,  which  is  scarcely  affected  by  them,  but  it  has  not 
hitherto  been  found  possible  to  isolate  the  lignine  in  a  state  of  purity 
for  the  purpose  of  determining  its  exact  composition,  since  it  is  always 
accompanied  in  the  wood  by  resinous  matters,  giving  rise  to  the  differ- 
ences of  color  in  woods,  and  by  a  small  quantity  of  nitrogenized  matter, 
and  of  ash  deposited  with  it  from  the  sap. 

The  following  results  of  the  analysis  of  several  woods  will  exhibit  their 
general  correspondence  in  composition  : — 

1  The  production  of  alizarine  from  anthracene  will  be  noticed  hereafter. 


PRODUCTS    FROM    WOOD. 
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Cellulose  in  a  nearly  pure  condition  constitutes  cotton,  limn,  ami  tin- 
test  kinds  of  (unsized)  paper,  since  the  processes  to  which  the  \v h 

fibre  is  subjected   in  the   preparation  of  these  materials,  de-troy   an. I 
ite  the  less  resistant   li<rnine  and  the  matters  which  accompany  it. 

On   comparing  the  composition  of  wood   with  that  of  coal,  it   will  he 
ol.vimis  that  the Itfge  proportion  Of  OZJgeB  in  the  former  mu>t  gil 
to  a  great  dillcrcncc  in  the  products  of  dot ructive  .list illation.      Accord- 
imjs.  it   is  found  that  water,  carbonic  oxide,  carbonic  acid,  and 
a.id.  all  highly  oxidized  bodies,  are  produced  in  large  <|iiantit\.  and 
that  the  gaseous  products  of  the  distillation  of  wood  burn  with  far  less 
light  than  those  from  coal,  in  consequence  of  the  smaller  proportion  of 
the  heavier  hydrocarbons. 

The  principal  products  of  the  action  of  heat  upon  wood  are— 


Paraffin.  . 
Naphthaline, 

toal, 
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'"•, 
• 
Picamar, 

>mor, 
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Of  the  most  important  are  the 

•he  wood  naphtha,  and 
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lien    the   distillate    separates    into   two   portioi 
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On  distilling  this,  the  two  last,  boiling  respectively  at  150°  and  133° 
F.,  first  distil  over,  and  then  the  acetic  acid,  which  boils  at  243°  F.  The 
acid  so  obtained,  however,  is  contaminated  with  tarry  matters,  which 
communicate  the  peculiar  odor  of  wood  smoke,  and  adapt  it  especially 
for  the  preservation  of  meat.  In  order  to  obtain  pure  acetic  acid,  this 
crude  acid  is  neutralized  with  carbonate  of  soda,  and  the  acetate  of  soda 
thus  obtained  is  moderately  heated  to  expel  the  foreign  substances.  It 
is  then  further  purified  by  solution  in  water  and  crystallization,  and  is 
distilled  with  sulphuric  acid,  which  converts  the  soda  into  sulphate, 
leaving  the  acetic  acid  to  distil  over. 

333.  Wood  Naphtha — Meihylic  Alcohol. — In  order  to  obtain  the  wood 
naphtha  (or  pyroligneous  ether,  or  wood  spirit,  or  pyroxylic  spirit],  the 
portion  which  distils  over  below  212°  F.  is  rectified  in  a  still  containing 
chalk,  which  retains  the  acetic  acid  as  acetate  of  lime. 

The  wood  naphtha  so  obtained  generally  consists  chiefly  of  methylic 
alcohol  (CH40),  but  contains  also  acetone,  acetate  of  methyle,  and  cer- 
tain oily  substances,  which  impart  to  it  a  peculiar  odor,  and  cause  it  to 
become  milky  when  mixed  with  water.  Wood  generally  yields  about 
one  part  of  naphtha  to  twenty  of  acetic  acid.  In  order  to  obtain  the 
pure  methylic  alcohol,  chloride  of  calcium  is  dissolved  to  saturation  in 
the  crude  wood  spirit,  when  a  definite  crystallizable  compound  is  formed, 
of  4  molecules  of  methylic  alcohol  and  1  of  chloride  of  calcium,  CaCl2. 
4CH4O.  This  is  heated  in  a  retort,  placed  in  a  vessel  of  boiling  water, 
as  long  as  any  acetone  and  acetate  of  methyle  pass  over,  the  above 
compound  not  being  decomposed  at  212°  F.  An  equal  weight  of  water 
is  then  added  to  the  residue  in  the  retort,  and  the  distillation  contin- 
ued, when  the  methylic  alcohol  distils  over,  accompanied  by  water,  and 
the  chloride  of  calcium  remains  in  the  retort.  The  diluted  methylic  al- 
cohol is  digested  for  some  time  with  powdered  quicklime,  and  again  dis- 
tilled, when  it  is  obtained  in  a  state  of  purity. 

The  useful  applications  of  crude  wood  naphtha  depend  upon  its  burn- 
ing with  a  nearly  smokeless  flame  in  lamps  (though  as  a  source  of  heat 
only,  not  of  light),  and  upon  its  power  of  dissolving  most  resinous  sub- 
stances employed  in  the  preparation  of  varnishes,  stiffening  for  hats,  &c. 

Methylic  alcohol  is  the  first  member  of  the  very  important  homologous 
series  of  alcohols,  of  which  ordinary  alcohol  or  spirit  of  wine  is  the  t}^pe, 
and  the  consideration  of  which  may  be  postponed  until  the  chemical 
history  of  that  alcohol  shall  have  been  studied.  The  designation  of 
methylic  alcohol  supposes  the  existence  in  the  pyroligneous  spirit  of  a 
compound  radical  methyle1  (CH3),  of  which  methylic  "alcohol  is  the  hy- 
drate, (CH3)HO.  This  view  is  by  no  means  unsupported  b}'  experi- 
mental evidence,  for  if  the  wood  spirit  be  distilled  with  four  parts  of 
concentrated  sulphuric  acid,  it  yields  a  gas,  the  composition  of  which 
is  represented  by  the  formula,  (CH,)20,  and  this  may  be  regarded  as 
the  oxide  of  methyle.  Again,  if  wood  spirit  be  distilled  with  iodine 
and  phosphorus,  the  hydriodic  acid  formed  (see  p.  212)  acts  upon  the 
hydrate  of  methyle,  producing  the  compound  CH.J,  iodide  of  methyle. 
When  this  is  heated  in  contact  with  zinc,  iodide  of  zinc  is  produced, 
and  a  gas,  having  the  composition  CH3,  which  is  that  of  the  radical 
methyle,  is  obtained.  (This  important  question  of  compound  radicals 
will  be  more  fully  discussed  hereafter.) 

1  From  fieOu,  wine  ;  v\rj,  wood.  The  termination  -yle  is  generally  bestowed  upon  compound  radicals, 
because  v\r,  is  put  metaphorically  for  matter.  Thus,  ethyle  is  meant  to  imply  the  matter  from  which 
ether  compounds  are  derived. 


Iphide,  bisulphide,  chloride*  bromide,  and  cxanide  of  methyle. 
may  also  be  obtained,  as  well  as  compounds  of  the  <.\ide  of  metlule 
with  sulphuric,  n:'  The  methyle  series  is,  in  i 

perfectly  parallel  with  the  ethvle  series,  the  members  of  which  are  far 
more  important,  ami  will  then-fore  be  more  particular^ 
a  Her. 

One  of  the  most  interesting  com|x>unds  derive. 1  from  wood  spirit  is 
the  /  of  wintergreen  (CM  .(Ml  <).),  whieh  is 

extracted  from  the  flowers  of  the  Gnnlth»-rm  /  /  •  .  and  was  one 

of  the  first  vegetable  products  to  be  prepared  artifu -ially  by  the  chemist. 
It  is  obtained  by  distilling  wood  spirit  with  sulphuric  acid  and  salicylic 
acid  (  IK'  II  <),),  the  latter  acid  u-ini:  formed  by  the  action  of  fused  hy- 
drate of  potash  upon  salicinc  M',.!!,.!^)  extracted  from  willow  I. ark. 

It  will  be  noticed  that  the  formiate  of  met/,  .  <  II  .<  II".  would 
have  the  same  composition  as  acetic  acid.  IK  II  (|  .  though  they  are 
\.i\  iiiii; -n -lit  in  An  excellent  illustration  is  here  atforded 

of  tin-  distinction  between  an  empirical  and  a  ratio  .  the 

former  simply  denoting  the  composition  of  a  substance,  without  repaid 
to  the  arrangement  of  its  components,  which  is  always  indicate. 1  l.y  tin- 
rational  formula.  Thus,  the  empirical  formula  of  acetic  acid,  as  well  as 
of  fonniate  of  methyl,  is  C,H4Or  but  the  rational  formula  of  the  latter 
isCH  <  ll«  >,  showing  it  to  be  derived  from  formic  acid  (CH,O.),  whilst 
the  rational  formula  of  acetic  acid  is  HC,H,Or  Such  compound^  are 
often  said  to  be  metameric^  the  term  t*o//<  /  l>cing  usually  ap|>lied  to 
compounds  having  the  same  composition,  but  which  are  not  known  to 
possess  a  different  constitution,  such  as  oil  of  turpentine  and  many  of 
the  essential  oils. 

<<  II  ..)  is  a  beautiful,  semi-transparent,  waxy  sub- 
stance, which  dUtils  over  with  the  last  portions  of  the  tar  from  wood, 
and  may  be  obtained  in  larger  quantity  by  distilling  peat,  as  well  as 
from  the  mineral  known  as  1  -found  abundantly 

in  the  petroleum  or  mineral  naphtha  imported  from  Kangoon. 

In  order  to  extract  the  parattim   from  wood  tar.  advantage  is  taken  of 

its  great  resistance  to  the  action  of  most  chemical  agents,1  for  which 

purpose  the  later  portions  of  the  distillate  are  n.  \\ith 

entrated  sulphuric  acid,  which  decomposes  and  chars  most  «>f  the 

substances  mixed  with  the  parailine,  and  allows  the  latter  to  collect  as 

dy  layer  upon  the  surface;  this  i-  allowed  to  cool  and  solidify,  when 

it  may  be  purified  by  pre^ure  between  blotting-paper,  and  solution  in  a 

hot  mixture  of  alcohol  and  ether,  from  which  it  is  deposited,  on  QOOttBg, 

in  brilliant  plates. 

Parailine  fuses  at  1  In  I.,  and  may  be  distilled  at  a  higher  tempera- 
ture; it  burns,  like  wax,  with  a  very  luminous  Maine,  and  is  employed 
a-  a  -ub-'itiitc  for  wax  in  t  he  maiiufact  ure  of  candles.  It  is  in-<-luMe 
in  water,  and  dissolves  sparingly  in  ale., hoi,  ether  being  th«  ••  «-nt 

It   will    be   Keen  from    t  he  formula  :ibo\ ,-    -jiv,  it    the 

exact   numb.  |  i  in   it    is    un- 

it do.-s  not  form  definite  compounds  with  other  siibstm 
and  therefore   its   exact    nx-leciilar  weight    cannot  be  ascertained;    . 

:,.  how«-\er.  to  lu-loii^  to  the  marsh-u'as  -- 
The    MlbftMMi  known  as  paraj'  ;-ed  for  Inbricatinu' 

*  To  which  H  OWN  iu  HMD*,  tramparw*,  Uttlt;  a/UU,  afltaf. 
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machinery,  is  the  less  volatile  portion  of  the  hydrocarbons  obtained  by 
the  destructive  distillation  of  Boghead  cannel  (found  at  Bathgate,  near 
Edinburgh).  The  more  volatile  portion  of  the  hydrocarbons  so  obtained 
is  employed  for  illuminating  purposes. 

Acetone  will  be  described  hereafter. 

Of  the  other  products  of  the  destructive  distillation  of  wood  enumerated  at  p.  494, 
some  have  been  described  amongst  the  products  obtained  from  coal,  and  the  remainder 
have  been  but  little  studied,  and  have  not  received  any  useful  application. 

Eupione  (C§H12)  is  a  liquid  lighter  than  water,  and  boiling  at  116°  F. 

.Kapnomor  is  an  oily  liquid,  which  boils  at  360°  F. 

Picamar  is  another  oily  liquid,  heavier  than  water. 

Cedriret  is  a  red  crystalline  substance. 

Pittacal  is  a  blue  solid. 

Stockholm  tar  is  collected  during  the  carbonization  of  pine  wood,  con- 
taining a  large  quantity  of  resin,  the  tar  running  off  through  an  aperture 
at  the  lower  part  of  the  pit,  in  which  the  imperfect  combustion  of  the 
wood  is  carried  on.  It  differs  from  ordinary  tar  in  containing  large 
quantities  of  resin  and  turpentine,  the  latter  being  separated  from  it  by 
distillation,  and  the  residue  constituting  the  pitch  of  commerce. 

Petroleum. — There  are  found,  in  different  parts  of  the  earth,  generally 
in  or  near  the  coal  formations,  several  solid  or  liquid  hydrocarbons, 
probably  formed  during  the  conversion  of  vegetable  remains  into  coal, 
some  of  which  have  received  useful  applications. 

The  Rangoon  tar  has  already  been  noticed  as  containing  a  considerable 
quantity  of  paraffine ;  the  liquid  part  of  this  tar,  after  distillation  and 
treatment  with  oil  of  vitriol  to  remove  hydrocarbons  of  the  benzole 
series,1  is  the  liquid  in  which  potassium  and  sodium  are  preserved  ;  it  is 
commonly  called  petroleum  or  rock-oil,  and  appears  to  be  a  mixture  of 
several  hydrocarbons.  Petroleum  is  also  employed  occasionally  as  a 
solvent  for  caoutchouc  and  resinous  substances.  In  the  neighborhood 
of  the  Caspian  Sea  there  are  several  springs  from  which  rock-oil  flows, 
together  with  water,  from  the  surface  of  which  it  is  skimmed  and  sent 
into  commerce. 

American  Petroleum. — Within  the  last  few  years  abundant  supplies 
of  petroleum  have  been  obtained  from  wells  and  springs  in  Penns3Tlvania 
and  Canada,  and  the  demand  for  it  to  serve  as  an  illuminating  agent,  and 
for  the  lubrication  of  machinery,  has  created  a  new  branch  of  commerce, 
giving  rise  to  the  rapid  growth  of  "oil  cities  "  in  the  neighborhood  of  the 
wells.  These  rock-oils  have  a  very  peculiar  unpleasant  odor,  and  appear 
to  consist  chiefly  of  hydrocarbons  belonging  to  the  homologous  series, 
of  which  marsh-gas  (CH4)  is  a  member.  Thus,  the  Pennsylvania!!  pe- 
troleum has  furnished  the  hydrocarbons,  C4H10,  C5H12,  C6H14,  C.H16, 
C8H18,  C9H20.  In  addition  to  these,  the  hydrocarbons,  C]0H20,  CUHB, 
C12H24,  homologous  with  olefiant  gas  (C2H4)  have  been  obtained  from  it. 
Some  of  the  members  of  the  benzole  series  appear  also  to  be  present 
in  the  Canadian  petroleum. 

The  mineral  substance  known  as  bitumen  or  asphaltum  contains  a 
hydrocarbon,  apparently  isomeric  with  oil  of  turpentine,  together  with  a 
resinous  substance,  and  a  black  matter  resembling  pitch,  and  containing 
oxygen.  It  is  employed  for  making  water-proof  cements  and  black  var- 
nishes, being  dissolved  for  this  purpose  in  turpentine. 

Bituminous  shale,  when  distilled,  furnishes  products,  which,  as  far  as 
they  are  known,  are  closely  allied  to  those  obtained  from  wood  and  coal. 

1  These  hydrocarbons,  when  treated  with  oil  of  vitriol,  form  acids  which  are  soluble  in  water. 
Thus  benzole  is  converted  into  sulphobenzolic  acid,  HC6H,.S03. 
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OIL  OF  TURPENTINE  AND  SUBSTANCES  ALLIED  TO  : 

Turpentine  is  the  generic  name  given  to  the  !:iti.,n 

i  liy  inci-ino;  tin-  hark  of  various  species  •  -  .  ari- 

-  of  turpentine  are  met  with  in  commerce,  of  which  the  i\\..  I..-M 
known  are  the  common  turpentine  which  is  obtained   IV..  m  th- 

fir,  and   Venice  turpentine  from  the  larch. 

These  are  l»oth  solutions  of  Col  common  r.-^in  i( 

tin-  essential  oil  of  turpentine  (  (  '  ,H,«),  and  when  di-tilled. 
to  90  per  cent,  of  rosin,  which  remains  in  the  retort,  and  from  •_>;,  to  10 
per  cent   of  the  essential  oil.  commonly  sold  as  njjii- 

This  es-cnce  of  t  urpeiit  i  ne  l»oils  :it  .'ii'ii    F.,  and  floats  upon  water  (sp. 
gr.  0.864).  in  which  it  i>  very  sparingly  soluble,  its  proper  solvents  being 

•  hoi  and  ether.     Its  great  inflammability  renders  it  useful  UN  a  fuel 
for  lamps,  but  the  large  proportion  of  carbon  which  it  contains  causes 
it  to   burn  with  a  smoky  flume,  rendering  it  necessary  either  to  employ 
lamps  constructed  especially  to  afford  an  extra  supply  of  air  to  the  t!-. 

or  to  mix  it  with  a  certain  proportion  of  alcohol.     ('»///,/,//</,.•  is  distilled 
from  the  turpentine  of  tin-  Boston  pine. 

The  property  of  turpentine  to  dissolve  resinous  and  fatty  substances 
renders  it  exceedingly  useful  in  the  preparation  of  paints  and  varnishes, 
and  for  the  removal  of  such  substances  from  fabrics.    It  is  also  an  e\ 
"hvnt  for  caoutchouc. 

f  the  most  remarkable  features  of  this  essential  oil  is  tin-  fm  ility  with  which 
it  changes  into  i-onn-nc  or  iiu>tami*ric  modifications,  exhibiting  t:r»>at  diM.-n-nces  in 
thfir  physical  and  chemical  j.r«>j 

When  heated  in  a  closed  vessel  to  about  480°  F.  for  some  hours,  oil  «>f  tur|*»ntinp 
is  converted  into  two  isoon-rii-  modifications,  dinVrini;  «;n-atly  il  oil 

in  the  temperature  at  which  they  boil;  for  whilst  o  tin--  distils  i.v.-r  en- 

tirely at  320°  P.,  <>n*-  of  these  modifications,  known  as  iwterebcntfom,  boils  at  860°  F., 
ati<1  th«-  other,  .  at  600°. 

Wh.-n  dieted  in  the  cold  with  a  small  projxjrtion  of  oil  of  vitriol,  oil  of  tur- 
j.'-ir  terebene  and  <•••  l<>phm,\  the  former  boiling  at  820°  F.,  but  differing 

from  oil  of  turp.-ntine  in  it*  odor,  which  resembles  thyme,  and  in  its  want  of  a- 
|x))arized  light. 

hene  has  a  far  higher  boiling-point  (600°),  and  is  much  Ix-nvi.r  than  tur- 
pentine i«p.  gr.  0.940),  from  which  it  is  also  distinguished  by  its  indigo-blue  • 
when  seen  obliquely,  though  it  is  colorless  by  dir<  i  light.     M 

.  the  specific  gravity  of  the  vapor  of  eotophWM  is  l>  52,  win 
is  4  76,  or  um-hulf  •  ;.h.-ri«-.  r.-nd-ring  it  probable  thai  if  \  ' 

(=  2  vols.),  th 


of  turpentine  be  CMHM(=  2  vols.),  that  ot  isC-Hn(=2v 

n«sed  by  saying  that  coloi>)  •  with  turj..  -ntiiie.    Colopbene  is  also 

obtained  by  the'di^tillation  of  coloph 

rd'inury  nil  of  tur|M-niin,-  a|.|M-ars  to  be  really  itself 

isomertc  hydrocarbons,  for  when  h\  .  acid  gas  b  passed  into  it,  two  ,|;  • 

isomertc  compounds  are  f-  th  esprwMd  to  tM  formal*,  4     n     ll<  '1,  but  one 

4  a  solid,  and  tl  .....  tlx-r  a  liquid,  .-vn  at  0 

-olid  compound,  which  IA  ) 

/«,  forms  wlnt*   :  l>hor,  atxl  \\i.--n  its  vapor 

is  paMed  over  heatMi  quicklinx  ..\.-th.-  bydroohlorlo  acid,  and  the 

rocarbon  known  as  camj.f.i'.  •,*•.*  dadyle  (6??,  a  \  h  is 

bomeric  with  ml  ,,f  turj.  ..f  320°  F  . 

hloric  ai-i'i  f  tur- 

'••d  with  ijuickliiix-  yields 

tentnUnt  or  peueyU    -  •>>  oil  of  tnr|>«-ntin<-,  tmt  without 

.-lit. 
Alth  'i  wat.-r.  i! 

!«    with    11   in  •:  '•'•        n  tin*   oil 

t  with  \v  taredcpo  i  have  the  composition  C,0H       H11 
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boiling  water  dissolves  these,  and  deposits  them  in  a  prismatic  form  on  cooling.  The 
crystals  fuse  at  about  217°  F.,  and  when  further  heated,  lose  a  molecule  of  water, 
yielding  another  crystalline  hydrate,  which  sublimes  without  alteration  at  about 
480°  F.  When  exposed  to  the  air  this  hydrate  again  absorbs  a  molecule  of  water. 

By  distilling  the  aqueous  solution  of  either  of  the  preceding  hydrates  with  a 
little  sulphuric  acid,  a  liquid  hydrate  smelling  of  hyacinths  is  obtained  ;  it  contains 
(C10H16)2H2O,  and  is  called  terpinole. 

When  oil  of  turpentine  is  exposed  to  the  air,  it  slowly  becomes  solid, 
absorbing  oxygen,  and  becoming  converted  into  resinous  bodies. 

Common  Rosin  or  Colophony.1 — This  substance  is  composed  of  two 
isomeric  acids  known  as  sylmc  and  pinic.  When  common  rosin  is 
treated  with  cold  alcohol,  the  greater  portion  of  it  is  dissolved ;  and  if 
the  alcohol  be  evaporated,  it  leaves  an  amorphous  substance,  which  is 
pinic  acid.  The  residue,  left  undissolved  by  cold  alcohol,  is  dissolved 
by  hot  alcohol,  and  deposited  in  colorless  prisms,  which  are  sylvic  acid. 
These  acids  having  the  composition  HCWH— Or  The  pinate  and  sylvate 
of  soda  obtained  b}^  dissolving  rosin  in  solution  of  soda  or  carbonate  of 
soda,  are  largely  used  in  the  manufacture  of  yellow  soap,  and  of  the 
size  for  paper-makers.  By  distilling  common  rosin  with  the  aid  of  super- 
heated steam,  it  is  obtained  nearly  free  from  color. 

336.  The  Turpentine  Series  of  Hydrocarbons. — Oil  of  turpentine  is 
the  representative  of  a  large  class  of  hydrocarbons,  derived  like  itself 
from  the  vegetable  kingdom,  and  all  having  a  percentage  composition 
corresponding  to  the  formula  C10H16.  All  the  individuals  of  this  group 
resemble  turpentine  in  their  liability  to  suffer  conversion  into  isomeric 
modifications,  in  their  solidification  by  absorption  of  oxygen  when  ex- 
posed to  the  air,  in  their  combination  with  water  to  form  crystalline 
hydrates,  and  above  all,  in  their  tendency  to  form  artificial  camphors  by 
combining  with  hydrochloric  acid. 

The  oils  of  bergamotte,  birch,  camomile,  caraway,  cloves,  hops,  juni- 
per, lemons,  orange,  parsley,  pepper,  savin,  tolu,  thyme,  and  valerian, 
contain  the  same  hydrocarbon  CMHU,  generally  accompanied,  in  the 
natural  oil,  by  the  product  of  its  oxidation,  bearing  a  relation  to  the 
hydrocarbon  similar  to  that  which  colophony  bears  to  turpentine. 

These  essential  oils  are  generally  extracted  from  the  flowers,  fruit, 
leaves,  or  seeds,  by  distillation  with  water,  the  portion  of  the  plant 
selected  being  suspended  in  the  still  by  means  of  a  bag  or  perforated 
vessel,  so  that  there  may  be  no  danger  of  its  being  scorched  by  contact 
with  the  hot  sides  of  the  still,  and  so  contaminating  the  distillate  with 
empyreumatic  matters  (l!-i.xupebu>,  to  scorch).  The  water  which  distils 
over  always  holds  a  little  of  the  essential  oil  in  solution,  and  it  is  in  this 
way  that  the  fragrant  distilled  waters  of  the  druggist  are  obtained. 
When  the  essential  oil  is  present  in  large  proportion,  it  collects  as  a 
separate  layer  upon  the  surface  of  the  water,  from  which  it  is  easily  de- 
canted. The  oil  which  is  dissolved  in  the  water  may  be  separated  from 
it  by  saturating  the  liquid  with  common  salt,  when  the  oil  rises  to  the 
surface,  or  by  shaking  it  with  ether,  which  dissolves  the  oil  and  sepa- 
rates it  from  the  water,  the  ethereal  solution  floating  upon  its  surface, 
and  leaving  the  oil  when  the  ether  is  evaporated. 

In  cases  like  that  of  jasmine,  where  the  delicate  perfume  of  the  flower 
would  be  injured  by  the  heat,  the  flowers  are  pressed  between  woollen 
cloths  saturated  with  oil  of  poppy-seeds,  which  thus  acquires  a  powerful 
odor  of  the  flower. 

1  Colophon,  a  city  of  Ionia. 
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,l|>hidi>  of  carl.on  is  also  sometimes  cmpl"\  c-1  as  a  solvent  for  ex- 
tracting the  essential  < 

>f  peppermint  contains  a  hydrocarl>  <  'II 

essence  of  cedar-wood  contains  redrene  (CMlln). 

337.  Camphors. — Closely  allied  to  the  essential  oils  arc  tin-  different 

-  of  camphor,  which  appear  to  be  formed  l.y  tin-  oxidation  of 
•  •carbons  corresponding  to  the  essential  oils. 

Common  camphor  (CIOH,6O)  is  found  depo>itcd  in  minute  crystals  in 
the  wood  of  the  Laurus  camphora  or  camphor  lauivl.  from  which  it  is 
obtained  by  choppiiiir  up  th«-  l>ranche>  and  di>tillinur  them  with  water  in 
a  still,  the  head  of  \\hi< -h  i-  tilled  with  straw,  upon  which  the  camphor 
condenses.  It  is  purified  by  subliming  it  in  large  glass  vessels  contain- 
ing a  little  lime. 

Camphor  passes  into  vapor  easily  at  the  ordinary  temperature  of  tin- 
air,  and  is  deposited  in  brilliant  octahedral  i|«,n  the  sides  of 
the  bottles  in  which  it  is  preserved.  It  fuses  at  347°  F.,  and  boils 
at  399'  F.,  and  is  very  inflammable,  burning  with  a  bright  smoky  Maine. 
It  is  sometimes  dissolved  in  the  oil  used  for  the  lamps  of  magic  lantern-. 
to  inciea-e  its  illuminating  power.  Camphor  i-  lighter  than  water  (sp. 
gr.  0.996),  and  whirls  about  upon  its  surface  in  a  remarkable  way, 
solving  meanwhile  very  sparingly  (1  part  in  1000),  alcohol  and  ether 
(•••ing  its  appropriate  solvents. 

"Wln-n  distilled  with  anhy<ln>u-  phosphoric  acid,  camphor  lose*  a  molecule  of 
water,  and  yields  the  hv.l-  ilu  homologous  with  benzole. 

•  •»  camphor  (C,0t!MO)  is  obtained    from    t)i,-  .-\  ;h.-  />,•?/••' 

\\       :   "        \inlntion  i*  distilled,  it  hydrocarbon  called  bumf  in  >    < 

•  ith  oil  of  turpentine,  first  passe*  over,  'mxl  afterwards  the  camp! 
is  neither  -••  i'  o  volatile  as  ordinary  camphor,  and  emits  quite  u 

odor;  ital-"  <-r\ -tnlli/..--  io  j-ri-m-  instead  of  octahodra,  and  may  be  converted  into 
ordinary  camj.!  action  of  nitric  acid,  which  oxidizea  two  atoms  of  liv- 

drogon— 

CWHU0  (Bon* «***,)  -    H,  =  CWHU0  (Ommmca^or). 

The  Borneo  camphor  H|»|.*-ara  to  have  been  formed  by  ;  .uiun  of  bornedne 

with  wuti-r,  for  if  this  hydrocarbon  be  distilled  with  j,-.::i-h.  it  •  n.ltines 

with  a  rnoli-cuh-  of  w«t«T,  and  is  converUnl   into  th<-  <-ani|ilior.  -h-r  hand, 

M  Borneo  camphor  is  distil  1«1  with  anhydrous  phosphoric  arid,  it  loses  a  tnolocule 
of  water,  and  yields  borneene.     It  is  interesting  to  n-mark  that   this  h\ 
is  also  found  in  the  essential  oil  of  val< 

The  oil  of  emnpHor  which  accompanies  the  camphor  distilled  from  tin-  <  amphor 
lnur.-l,  contains  an  atom  of  oxygen  less  than  common  camphor,  iU  formula  lu-ing 

338.  Balsams. — The  vegetable  exudations  known 

s  of  essential  oils  with  resins  and  acid-  pi-.i.aMy  |.r...iuc,-d  |.v  the 

;N. 
Balsam  of   /'  'ains   an    oily  substance    t.-nncd    - 

'     !  i  '  •.'.line  v-latile 

«     MM     . 

iinamic   acid   and  .  together 

\\ili.  ^.  \\hicli  appear  to  ha\c  l-»-en  l«'rnicd  l»\   the  o\i.|ati«>n 

•ilso  a  balsamic  e\udati<.n.  the    ^.\\\ 

died  l'\    :i  |  '  culiar  h\dr«'cail.'.n.  \\hieh  ha>  l>cen  named 
and    has   the    composition    <     II.      This    li.juid  i^  chai  a<  • .  1 1/..  -d 

h   it    undcr-oes   ^^j,,,,,  ,,  about   400     1.. 
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being  converted  into  a  colorless  solid,  metastyrole,  which  is  polymeric 
with  styrole,  into  which  it  is  reconverted  by  distillation. 

339.  Resins. — Colophony  is  the  best  known  member  of  the  class  of 
resins,  which  are  generally  distinguished  by  their  resinous  appearance, 
fusibilit}r,  inflammability,  burning  with  a  smoky  flame,  insolubility  in 
water,  and  solubilit}-  in  alcohol. 

As  to  their  chemical  composition,  they  are  all  rich  in  carbon  and  h}T- 
drogen,  containing  generally  a  small  proportion  of  oxygen,  and  appear 
to  have  been  formed,  like  colophony  (p.  499),  by  the  oxidation  of  a  hydro- 
carbon analogous  to  turpentine. 

Most  of  the  resins  also  resemble  colophony  in  their  acid  characters, 
their  alcoholic  solutions  reddening  blue  litmus-paper,  and  the  resins 
themselves  being  soluble  in  the  alkalies.  This  is  .the  case  with  sandarach 
and  guaiacum  resin,  the  former  of  which  contains  three,  and  the  latter 
two,  resinous  acids. 

Copal  appears  to  contain  several  resins,  some  neutral  and  some  acid, 
and  is  distinguished  by  its  difficult  solubility  in  alcohol,  in  which  it  can 
be  dissolved  only  after  long  exposure  to  the  vapor  of  the  solvent ;  but 
if  it  be  exposed  to  the  air  for  some  time,  at  a  moderately  high  tempera- 
ture, it  absorbs  oxygen,  and  becomes  far  more  easily  soluble.  Copal  is 
readily  dissolved  by  acetone.  Animi  and  elemi  resins  are  somewhat 
similar  in  properties  to  copal. 

All  these  resins  are  used  in  the  manufacture  of  varnishes. 

Guaiacum  resin  is  distinguished  by  its  tendency  to  become  blue  under 
the  influence  of  the  more  refrangible  and  chemicalty  active  (violet)  rays 
of  the  solar  spectrum,  as  well  as  under  that  of  certain  oxidizing  agents, 
such  as  chlorine  and  ozone. 

Lac,  so  much  used  in  the  arts,  belongs  to  the  class  of  resins,  being 
the  exudation  of  certain  tropical  trees  punctured  by  an  insect.  In  its 
crude  natural  state,  incrusting  the  small  branches,  it  is  known  as  stick- 
lac,  and  has  a  deep  red  color ;  when  broken  off  the  branches  and  boiled 
with  water  containing  carbonate  of  soda,  it  furnishes  a  red  coloring- 
matter,  very  largely  used  in  dyeing,  leaving  a  resinous  residue  termed 
seed-lac,  by  fusing  which  the  shellac  is  obtained.  This  resin  is  very 
complex,  containing  several  distinct  resinous  bodies.  It  is  largely  used 
in  the  manufacture  of  hats,  of  sealing-wax,  and  of  varnishes.  The  lac- 
quer  applied  to  brass  derives  its  name  from  this  resin,  being  an  alcoholic 
solution  of  shellac,  sandarach,  and  Venice  turpentine.  Indian  ink  is 
made  by  mixing  lampblack  with  a  solution  of  100  grains  of  lac  in  20 
grains  of  borax  and  4  ounces  of  water. 

Amber,  a  fossil  resinous  substance,  more  nearly  resembles  this  class 
of  bodies  than  any  other,  and  contains  several  resinous  bodies.  It  is 
distinguished  by  its  insolubility,  for  alcohol  dissolves  only  about  one- 
eighth,  and  ether  about  one-tenth  of  it.  After  fusion,  however,  it  be- 
comes soluble  in  alcohol,  and  is  used  in  this  state  for  the  preparation  of 
varnishes. 

The  distinguishing  peculiarity  of  amber  is,  that  it  yields  succinic  acid, 
H2C4H4O4  (succinum,  amber),  when  digested  with  alkalies,  distilled,  or 
oxidized  by  nitric  acid  ;  in  the  latter  case  ordinary  camphor  is  formed 
at  the  same  time. 

Succinic  acid  is  also  found  in  some  of  the  resins  of  coniferous  trees, 
and  in  the  leaves  of  the  wormwood.  It  is  among  the  products  of  the 
action  of  nitric  acid  upon  most  fatty  and  waxy  substances,  and  is  pres- 
ent in  wines  and  other  fermented  liquors,  being  produced  during  the 
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fermentation  of  sugar.     The  acid  is  chara 
in-  vapor  which  it  emits  when  heated.1 

M  are  prepared  by  dissolving  re-in-  in  aleolml,  or  wood  spirit . 
or  acetone,' a  little  turpentine  or  some  fixed  oil  being  added  to  ] 
the  resin  from  cracking  when  the  solvent  ha-  .  ier  t<> 

promote  the  solution  of  the  resin,  it  is  usually  powdered  before  b« -in- 
i  with  the  solvent,  and  mixed  with  coarsely  powdered  glass  to 
it  it  from  becoming  lumpy.  gener- 

ally u-ed   for  t he  preparation  of  varnishes;  it  is  simply  -pirit  of  wine, 
to  which  a  little  wood  naphtha  has  been  added,  r  person*   from 

drinking  it,  and  to  prevent  other  frauds  upon  ise. 

.  or  gum  benzoin,  as  it  is  erroneously  called,  is  also  a  vege- 
table resinous  product,  and  is  distin- 
guished by  the  preset 
(HCTH50*),  which  may  be  obtained  from 
it  by  heating  the  resin  in  an  iron  or 
earthen  vessel  (Fig.  287)  covered  with 
a  perforated  sheet  of  stout  paper,  over 
which  a  drum  or  cone  of  paper  is  tied. 
When  the  heat  of  a  sand-bath  is  ap- 
plied, ben/oic  acid  rises  in  vapor,  and 
is  condensed  in  beautiful  feat  her  \ 
tals  in  the  paper  drum.  It  may  also 
be  ext  |  boiling  the  re-in  with 

water  and  lime,  when  the  ben/oic 
^^^SBHBfiHJ^^^**       is  dissolved  in  the  form  of  ben/.oate  of 

lin  II5O,),,  and  being  but  -p:u- 

ingly  soluble  in  water,  may  be  precipitated  by  adding  hydrochloric  acid 
to  the  tillered  solution. 

acid  is  generally  recognized  by  it-  feathery  appearance 

-able  odor,  though  this  does  not  really  belong  t,,  the   | 
but  to  a  little  essential  oil  which  is  not  easily  separated;  the  \apor  of 
icid  itself  i-  \eiy  irritating  and  produce's  coughing.     It  fuses  when 
moderately  heated,  and  burns  with  a  smoky  flame.     I?en/«.ie   a.  id  di- 
soh  .nt  200  parts  of  cold  and  25  parts  of  boiling  water.     A  Icohol 

ther  dissolve  it  easily. 

-alts  of  benzoic  a<  zoates,  have  no  practical  importance, 

but   the  behavior  .,f  ben/oic   acid  when    distilled  with  an    excess  of  lime 
or  baryta  has  ah  n    referred  to  as  furnishing  that    important 

hydrocarbon,  benzole  (see  pi 

OIL  OF  BITTER  ALMONDS,  AND  ITS  Dn  i;»  \/OTLE  SERIES. 

340.  Benzoic  acid  results  from  the  oxidation  of  the  essential  oil  of 
ii  (C  II  ( >).  \\hich  slowly  al>-  from 

•iir.  and  is  OOU  I  •  <  '  II  <  ' 

I    •  ;i  of  the  essential  oil  of  bitter  almonds  is  one  ot 

ig  processes  Of  Vegetable  chemi-' 

..  rlnlr  arid  ba«  been  obtained  artificially  by  tbe  action  of  cyanide  of  potawln, 

:    4-    MI,- 
•  Acetone  readily  dlatolrea  copal,  martlr,  and  tandarach. 
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Both  the  bitter  and  the  sweet  almond  contain  a  large  quantity  of  a 
fixed  oil,  which  may  be  extracted  from  them  by  pressure,  but  which  has 
no  particular  taste  or  odor,  and  differs  entirely  from  the  essential  oil  of 
bitter  almonds,  being,  in  fact,  very  similar  to  ordinary  olive  oil.  The 
residue,  or  almond-cake,  which  is  left  after  expressing  the  oil,  contains, 
in  the  case  of  the  bitter  almond  only,  a  bitter  principle,  amounting  to 
about  ^th  of  the  weight  of  the  almond,  which  may  be  extracted  from  the 
cake  by  hot  alcohol,  and  may  be  crystallized  from  the  solution  ;  this 
substance  is  called  amygdaline,  and  is  represented  by  the  formula  C20 
H27NOU,  the  crystals  containing,  in  addition,  three  molecules  of  water. 

Now,  if  the  residue  left  after  extracting  the  amygdaline  with  alcohol 
be  mixed  with  water  and  distilled,  it  does  not  yield  any  essential  oil, 
although  this  may  be  obtained  in  abundance  from  the  original  cake  after 
maceration  in  water,  particularly  if  it  be  digested  with  water  for  several 
hours  before  distillation. 

The  sweet  almond,  which  contains  no  amygdaline,  does  not  afford  any 
essential  oil  when  distilled  with  water,  showing  that  the  amygdaline  is 
really  the  source  of  the  essence.  Again,  if  boiling  water  be  poured  over 
the  bitter  almond-cake,  no  essential  oil  is  produced,  even  when  the  mix- 
ture is  allowed  to  stand  for  some  time,  but  if  to  this  mixture  there  be 
added  an  emulsion  of  sweet  almonds  prepared  with  cold  water,  the  bitter 
almond  oil  is  at  once  formed,  which  is  not  the  case,  however,  if  the  emul- 
sion be  prepared  with  boiling  water. 

From  this  it  is  evident  that  a  substance  exists  in  both  sweet  and  bitter 
almonds  which  is  capable  of  developing  the  essence  from  the  amygdaline 
contained  in  the  latter,  but  which  loses  its  power  when  acted  upon  by 
hot  water.  This  may  be  still  further  proved  by  dissolving  pure  amygda- 
line in  water,  and  adding  an  emulsion  of  sweet  almonds,  when  the  essence 
is  at  once  produced. 

When  the  emulsion  of  sweet  almonds  is  filtered  and  mixed  with  alcohol, 
a  white  substance  resembling  albumen  is  precipitated,  which  contains 
carbon,  hydrogen,  nitrogen,  and  ox}^gen,  and  very  easily  putrefies  when 
exposed  to  the  air  in  a  mois*t  state.  If  this  substance,  which  is  called 
emulsine  or  synaptase  (auvd-T<i>,  to  bring  into  action),  be  dissolved  in  cold 
water,  and  mixed  with  a  solution  of  amygdaline,  the  oil  of  bitter  almonds 
is  soon  formed  in  abundance,  but  if  the  solution  of  emulsine  be  boiled,  it 
is  no  longer  capable  of  developing  the  essence.  On  examining  the  solu- 
tion of  amygdaline  in  which  the  essential  oil  has  been  produced  by  the 
action  of  emulsine,  it  is  found  to  contain,  in  addition,  hydrocyanic  acid 
(CHN),  grape-sugar  (C6H14O7),  and  formic  acid  (CH262),  so  that  the 
decomposition  may  be  thus  represented — 

2C20H27NOU  =  4C7H60  +  2CHN  +  C6H1407  +  4CH202  +  3H2O. 

Amygdaline.  Bitter^almond    Hydrocyanic     Grape  sugar.  Formic 

The  formation  of  the  essential  oil  of  bitter  almonds  must  be  regarded, 
therefore,  as  dependent  upon  a  species  of  fermentation  or  metamorphosis 
of  the  bitter  principle  amygdaline,  induced  by  contact  with  an  albuminous 
substance,  emulsine,  itself  very  prone  to  undergo  decomposition  when 
exposed  to  air  in  the  presence  of  moisture. 

This  essential  oil  may  also  be  obtained  from  laurel  leaves,  and  from  the 
kernels  of  most  stone  fruit. 

When  the  oil  of  bitter  almonds  is  distilled  over,  it  is  accompanied  by 
the  hydrocyanic  acid  formed  at  the  same  time,  and  it  is  this  which  ren- 
ders the  ordinary  commercial  oil  so  powerful  a  poison,  for  if  it  be  purified 
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•iiMillnt  j,m  t'n.rn  :i  mixtmv  of  linn-  :unl  clilnri.lr  of  iron  (see  / 

ncli  n-t:iiiiH  th,-  bjdl  •  Iv  harm- 

less.    A  ln-tt.-r  process  for  obtaining  tin-  j-ni.-  •  i!  -I  l.ittrr  aliuon<l-> 
sist-  .  .11  with  an  r.|ual  viihiine  of  a  strong  solution 

of'  liisiii|»iiiti*  of>o<la.  with  which  it  forms  a  white  crystalline  compound. 
1  1  this  be  (list  illni  with  solution  of  carbonate  of  soda,  the  pure  oil  pastel 

Thr  |x>isonous  properties  of  laurel-water,  and  similar  preparations,  are 
also  due  to  the  presence  of  hydrocyanic  acid. 

The  crude  essential  "51  ««f  bitter  almonds  also  contains  a  crystalline  substance  called 
ben:          <       !    <>,>,  \\hi.i,  is  interesting  as  being  poly  in-  he  essence, 

u  In.  I,  it  .  .-rted  by  parsing  its  vapor  through  a  red-hot  tube.     T!M-  mid-- 

<>il  may  I  .....  ntin-ly  oonvtrftMJ  into  this  substance  by  shaking  it  with  an  alcoholic 
solution  of  pot&th. 

When   tin-  pun?  essential  oil  of  bitter  nlmonds  (C7H«O)  is  a< 

•>lves  hydrochlorir  acid,  and  become*  con  verted  into  a  colorless  li  . 
hav  r  of  horse-radish,  and  containing  CTH(C1O,  an  at«>m  <>f  )iy<!: 

and  \l*  j.laci-  filled  by  an  atom  of  chlorine.      It'  this  liquid  be 


i   upon   by    tln>   br-iniil.-.    iodides,   cyanidcg,  or  sulphides  of  the  metals,  the 

tilled  u 


is  removed   in   its  turn,  the  vuriincy   h.-ini,'  tilled  up  by  bromine,  iodine, 
cyanogen  or  sulphur,  compounds  being  obtain*  d  which  have  the  formula)— 

C7H6BrO,  C7HJO,  CTH$CyO,  (CtH6O),)3. 

When  boiled  with  water,  this  chlorine  compound  is  converted  into  benzoic  acid— 
(If.  CIO  4-  H,0  =  CTH6OrH  +  HC1. 

mparing  the  composition  of  these  compounds  with  that  of  the  essential  oil 

from  which  they  are  derived,  our  att  ailed  to  the  existence  n  all 
of  them— 

Oil  of  bitter  almonds,  .  .     (C.HSO)H 

ic  acid,         .  .  .     (CTH6O)HO 

Chlorine  compound,  .  .     (C7H6O)C1 

Bromine          "  .  .     ,  c'.I^OjBr.  Ac. 


This  circumstance  led  many  chemists  to  a--  xistence  in  these  compounds 

of  the    radical  f>rn:<n/lr  (('.11  '  '      •   Mible  of  playing  th«-  part  of  an  ••Irm.-ntaM   -uh- 
stanco  in  unitii.  i;en,  chlorine,  &c.,and  therefore  resembling  th< 

n  which  resemblance  it  is  spoken  of  as  a  quasi-clement 

••••  ;;,-!  radical. 

If  this  radical  be  represented  by  Bz,  the  formation  of  the  members  of  the  benxoyU 
r  almonds  will  be  simply  and  easily  traced. 

1  1  monds,  hydride  of  benxoyle,  1  ? 

/.oic  acid,  bemoyle  hydrate,          .         .  1  .  .  1  1  <) 

<>f  beiutoyU,  .....  H/.Cl 

Bromide  "         .....  BzBr 

/«/  .....  Bzl 

CV«'  ««         .....  HzCy 

Bz,S 

r.-contly  obtained  in  a  separate  state  by  the 
action  of  sodium  on 
easily,  and  may  be  sublimed  w  '••  in 

II  O   -liould    he   dotild.-d   to   expr.-.-", 
moh  -  radical  (*<*>  Alcohol  radic,, 

I  be  noticed  that  ben- 

."  series.     This  cutn  p  -en  ted  a*    i 

<  Ml     '  ',  is  obtained  by  beating  benzoate  of  soda  with  ihloride  of  bi: 

NaBzO  4-  B*C1  =  NaCl  +  Bz,O. 

dissolve   ' 

water,  hut  if  hoilt-d  with  wuter,  is  slowly  c<> 
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When  oil  of  bitter  almonds  is  decomposed  by  hydrate  of  potash  dissolved  in  alco- 
hol, it  yields  benzole  alcohol  (C7H8O),  which  will  be  more  particularly  noticed  here- 
after. 

341.  Very  closely  connected  with  the  essential  oil  of  bitter  almonds  are  the  essences 
of  cinnamon  and  cassia,  which  consist  chiefly  of  an  oxidized  essence,  represented 
by  the  formula  C9H8O,  and  convertible  by  boiling  with  nitric  acid  into  the  essence 
of  almonds.  By  heating  the  essence  of  cinnamon  with  hydrate  of  potash,  it  is 
oxidized  and  converted  into  cinnamate  of  potash  — 

C9H80  -f   KHO   ==  KC9H702  +   Hr 

Oil  of  cinnamon.  Cinnamate  of 

potash. 

On  dissolving  this  salt  in  water,  and  adding  an  acid,  the  cinnamic  acid  is  precipi- 
tated in  feathery  flakes,  closely  resembling  benzoic  acid,  both  in  appearance  and 
chemical  characters.1 

The  same  reasons  exist  as  in  the  case  of  the  benzoyle  series,  for  assuming  the  ex- 
istence in  the  compounds  derived  from  oil  of  cinnamon  of  the  radical  einnamyle, 
C9H7O,  so  that  the  oil  of  cinnamon  would  be  a  hydride  of  cinnamyle  (C9H7O)H, 
and  cinnamic  acid  the  cinnamyle  hydrate 


Essential  oil  of  cummin  is  a  mixture  of  the  hydrocarbon  cymole  (C10H14),  which 
has  been  already  noticed,  with  an  oxidized  essence,  C10H12O,  which  is  closely  analo- 
gous to  those  of  almonds  and  cinnamon,  and  is  called  hydride  of  cumyle  (C10HUO)H  ; 
when  acted  upon  by  oxidizing  agents  it  yields  cuminic  acid  (HC10HnO2),  which  re- 
sembles benzoic  acid,  but  is  characterized  by  an  odor  similar  to  that  of  the  bug. 
From  the  hydride  of  cumyle  an  oily  compound  has  been  obtained,  which  is  poly- 
meric with  the  supposed  radical  cumyle,  having  the  composition  C20H22O2,  and  that 
it  is  really  composed  of  a  double  molecule  of  that  radical  is  rendered  very  probable 
by  its  behavior  when  fused  with  hydrate  of  potash,  its  hydrogen  converting  one 
molecule  of  cumyle  into  hydride  of  cumyle,  whilst  its  oxygen  converts  the  other 
into  cuminic  acid'  — 

C20H2202  +  KHO  =  (C10HU0)H  +  K(C10HUO)O. 

Hydride  of          Cuminate  of  potash. 
cumyle. 

The  essential  oils  of  aniseed,  fennel,  and  tarragon  contain,  in  addition  to  a  hydro- 
carbon isomeric  with  turpentine,  a  solid  crystalline  oxidized  essence  (Cj0H12O)  iso- 
meric  with  the  hydride  of  cumyle.  That  this  substance  is  not  hydride  of  cumyle, 
however,  is  at  once  proved  by  the  action  of  oxidizing  agents,  which  convert  it  into 
hydride  of  anisyle  (C8H7O2)H,  and  anisic  acid,  HC8H7O3,  the  latter  being  isomeric 
with  winter-green  oil  (see  p.  496). 

342.  SALICTNE  AND  ITS  DERIVATIVES  —  GLUCOSIDES.  —  Oil  of  spiraea,  or 
meadowsweet,  consists  chiefly  of  the  compound  (C7Hfi0.2)  isomeric  with 
benzoic  acid  ;  this  compound  is  easily  obtained  artificially  by  the  oxida- 
tion of  salicine,  a  bitter  substance  extracted  from  willow  bark,  by  boil- 
ing it  in  water,  removing  the  coloring  matter  and  tannin  from  the  solu- 
tion by  boiling  with  hydrated  oxide  of  lead,  precipitating  the  excess  of 
lead  by  hydrosulphuric  acid,  and  evaporating  the  filtered  liquid,  when 
the  salicine  crystallizes  out,  and  may  be  obtained  by  recrystallizing  from 
alcohol,  in  beautiful  white  needles  having  the  composition  C]3H18O7. 

Salicine  is  sparingly  soluble  in  cold  water  and  insoluble  in  ether,  but 
dissolves  readily  in  boiling  water  and  in  alcohol.  It  is  readily  distin- 
guished by  the  red  color  which  it  gives  with  concentrated  sulphuric  acid, 
which  manifests  its  presence  when  applied  to  the  inner  bark  of  the  wil- 
low. When  distilled  with  dilute  sulphuric  acid  and  bichromate  of  pot- 
ash, it  yields  the  oil  of  spiraea. 

The  changes  suffered  by  salicine  when  boiled  with  a  dilute  mineral  acid  (as  sul- 
phuric) are  very  remarkable,  for  after  the  boiling  has  been  continued  for  a  few  min- 

1  Oil  of  bitter  almonds  has  been  converted  into  cinnamic  acid  by  heating  it  with  acetic  oxychloride  ; 
C\H80  +  (C3H30)C1  = 
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utes,  the  solution  is  found  to  contain  grape-sugar,  together  with  a  crystalline  sub- 
stance called  *al famine,  which  i*  -.:,  h  it 
5ives  with  p-rrhloride  of  ir                      iange  i$  easily  explained,  for  the  addr 
molecule!  of  water  to  nalicine  would  provide  the  elements  of  grape-sugar  a 
genine— 

.     HM0T  +  2H.O  =  CTH§Ot  +  C.HuOr 
Saliclne.  Ballgcnine.     Grape*ugar. 

Emulnine  or  synaptase  if  capable  of  effecting  this  change  in  salicine,  and  it  will 
be  rem-  .at  grape-sugar  in  one  of  the  product*  of  the  action  of  that  i 

upon  amygdaline.  If  the  ebullition  of  the  diluted  acid  be  continued  for  a  length 
Of  tun.'.  th«-  liquid  deponits  a  resinous  substance,  aaliretint,  which  is  isomeric  with 
oil  of  bitter  almonds  (CTH,O). 

king  example  of  the  stability  of  types,  notwithstanding  the  substitu- 
tion of  one  element  for  another,  is  found  in  the  circumstance  that  u 
intliK-iuf  <>f  chlorine,  yields  three  different  products  containing  eh  lor  in«-  in  place  of 

n,  und  that  when  these  are  boiled  with  dilute  acids,  they  yield  other  | 
containing  chlorine,  and  bearing  the  same  relation  to  their  chlorinated  primitive 
u  hi.  h  Miliu'i-nine  and  faliretino  respectively  bear  to  salicine. 

Thus  we  have- 


Sal  icino,  .....     CUHW    O7 

OT 


Dichlorosalicine,  .     . 
Trichloro«alicine,      . 


Saligenine,     ....     C7K|    O, 
Chlorosaligenine,    .     .     (7{J,7}o, 


Dichlorosaligenine,     .    C7    «    O, 
Trichlorosaligenine,   .    CT*?f  }(>, 


When  salicine  is  fused  with  hydrate  of  potash,  the  mass  dissolved  in  wat> 

iiloric  acid  added,  beautiful  needles  <>t  ,,-id  (HCTH.O,)  are  separated. 

This  acid  may  also  be  oManx-d  from  th-  oil  of  spirsaa  by  a  similar  process,  and  it 
will  he  gcen  that  salicylic  acid  bears  the  same  relation  to  this  oil  as  benzoic  acid 
bears  to  oil  of  bitter  almonds — 

<>il  <>f  bitter  almond*,      •     CTH,O     I          nil  of  spirsaa,     ....     C.H.O, 
Benzoic  acid,     ....     CTH§Ot    I          Salicylic  acid,    ....     (  JH.O, 

Salicylic  acid  has  been  obtained  in  a  most  interesting  manner  by  the  simultaneous 
action  of  carbonic  acid  and  sodium  upon  phenole — 

C.H.O  +  CO,  +  Na  =  NaCTH,0,  +  H. 
Phenol*.  SalicjrUto  of 


Exactly  as  chemists  have  been  led  to  consider  the  bitter  almond  oil  an  bvl 

la,  so  th,  v  have  regarded  oil  of  spirn*  as  hydride  o/  >  I  !<'    H),  as- 

suming the  existence  of  the  radical  talicyU  (CTH46),  of  which  salicylic  acid  would 
be  the  hydrate  We  find  this  view  of  the  constitution  of  theae  compounds  sup- 
ported i  umstance,  that  when  the  oil  of  spiriea  is  heated  with  < -Monde  of 
benzoyle,  a  substance  is  obtained  which  may  be  regarded  as  composed  of  the  two 
radicals  salicyle  and  benzoyle— 

G  H.O.H  +  CTH&O.C1  «,  C.HjO.C.HjO,  ^-  HC1. 

OU  of  sptasa.       Chloride  of        Beoaoyle^allcyle. 
bensojle. 

.  a  careful  study  of  th<>  t-  havior  of  uali«-iii'-  uii.l-  r  th>-  a< •• 
agents,  th.-  »«  been  drawn  that  it  is  a 

Mubstance  (r«UMOt),  which  becomes  converted  into  grape-sugar,  by  assimi- 
•i  of  water,  as  soon  as  it  is  separated  from  the  saligenine. 

•  •-I  in  tiii'ilu -ine  as  a  febrifuge,  an 
Common  adulteration  of  c|iiii 

.-lii.-f  iiH-inbiTof  the  class  of  substances  tenm-.l 
:V..ui  th.  of  grape-sugar  (jjl1  nong  th.-ir  ].r..i|iiets 

of  de<'«'tii|t«^itiMii.       :  ,  l:iss  h.-lcn-j  -everal  other  ^iil^tanc. -^  iniich 

resembling  salicine,  and,  like  it.  h'.m  the  barks  of  <li 


SULPHURETTED    ESSENTIAL    OILS.  507 

343.  Populine  (C^H^Og)  is  a  sweet  crystalline  substance  obtained  from  the  bark 
and  leaves  of  the  aspen,  and  especially  interesting  from  its  close  connection  with  the 
benzoyle  and  salicyle  series;  for  when  boiled  with  solution  of  baryta,  it  is  decom- 
posed into  benzoic  acid  (which  unites  with  the  baryta)  and  salicine — 

^H.A,    +     BaO.H20     =    Ba(C7H502)2    +    2C13H18Or 
Populiue.  Benzoate  of  baryta.  Salicine. 

Nor  is  this  the  only  connecting  link,  for  populine  yields  oil  of  spiraea  when  distilled 
with  sulphuric  acid  and  bichromate  of  potash,  and  when  boiled  with  dilute  acids  it 
furnishes  benzoic  acid,  saliretine,  and  grape-sugar — 

C20H2208    +     2H20    =     HCTH502    +     C7H6O     +     C6H14O7. 
Populine.  Benzoic  acid.         Saliretine.          Grape-sugar.^ 

In  order  to  explain  this  production  of  benzoyle  and  salicyle  compounds  from  popu- 
line, it  is  usual  to  regard  this  substance  as  formed  from  salicine  (C13H18O7)  by  the 
introduction  of  a  molecule  of  benzoyle  (C7H5O),  in  the  place  of  an  atom  of  hydro- 
gen— 

C^O,,    =     C13Hn(C7H50)07. 
Populine.  Benzoyle-salicine. 

Phloridzine  (C21H24O10)  is  extracted  from  the  bark  of  the  apple,  pear,  plum,  and 
cherry  tree;  it  crystallizes  readily,  is  slightly  bitter,  and  when  boiled  with  dilute 
acids  yields  grape-sugar  and  a  resinous  substance  called  phloretine  (C^H^Og).  Its 
most  interesting  property  is  that  of  forming  a  red  compound  (phloridzelne)  when 
exposed  to  the  joint  influences  of  air  and  ammonia — 

C21H24010    +     03    +    2NH3    =    C21H30N2013. 
Phloridzine.  Phloridzeine. 

This  red  compound  combines  with  ammonia  to  form  a  purple  mass  with  a  coppery 
lustre,  which  dissolves  in  water  with  a  fine  blue  color.  The  production  of  this  col- 
oring matter  from  phloridzine  is  an  excellent  example  of  that  conjoined  action  of 
air  and  ammonia  by  which  certain  natural  coloring  matters,  such  as  litmus,  are 
formed  from  substances  which  are  themselves  destitute  of  color. 

Quercitrine  (C33H30On)  is  the  yellow  coloring  matter  extracted  by  alcohol  from 
the  bark  of  the  quercitron.  It  is  a  crystallizable  substance,  and  is  decomposed  by 
boiling  with  acids  into  grape-sugar  and  a  yellow  crystalline  body  called  quercetine 
(C27H18012). 

Esculine  (C21H24O13)  is  extracted  from  the  bark  of  the  horse-chestnut  by  boiling 
water.  If  the  tannin  and  coloring  matter  be  precipitated  from  the  infusion  by 
acetate  of  lead,  the  filtered  liquid  treated  with  sulphuretted  hydrogen  to  remove  the 
excess  of  lead,  and  the  solution,  after  a  second  filtration,  evaporated,  the  esculine  is 
obtained  in  colorless  needles.  It  is  remarkable  for  its  -fluorescence;  although  its 
solution  is  colorless  by  transmitted  light,  it  appears  of  a  beautiful  deep-blue  color 
when  viewed  at  certain  angles.  This  substance  is  also  a  glucoside,  for  when  boiled 
with  dilute  acids,  it  yields  grape-sugar  and  a  crystalline  substance  known  as  escu- 
letine. 

C21H24013    +     5H20     =    C9H604    +    2C6H140T. 
Esculine.  Esculetine.  Grape-sugar. 

Paviine  also  occurs  in  the  horse-chestnut  bark,  but  in  far  larger  quantity  in  the 
bark  of  the  ash.  It  is  distinguished  from  esculine  by  exhibiting  a  green  fluo- 
rescence. 

Saponine  is  a  substance  closely  allied  to  the  glucosides,  and  is  found  in  the  soap- 
wort,  the  fruit  of  the  horse-chestnut,  the  pimpernel,  the  root  of  the  pink,  and  in 
many  other  plants.  It  may  be  extracted  by  boiling  alcohol,  which  deposits  it  in  an 
amorphous  state  on  cooling.  Saponine  is  soluble  in  water,  and  its  solution  is  char- 
acterized by  the  readiness  with  which  it  lathers,  like  soap  and  water,  although  it 
may  contain  a  very  small  quantity  of  saponine.  This  property  leads  to  the  use  of 
decoctions  containing  it,  such  as  those  of  the  soapwort,  and  of  the  soap-nut  of 
India,  for  the  purpose  of  cleansing  certain  delicate  fabrics. 

Picrotoxine  (C5H6O2)  is  a  crystalline  substance,  to  which  the  poisonous  properties 
of  Cocculus  indicus  are  due.  It  appears  to  have  feeble  acid  tendencies,  and  is  ex- 
tracted from  an  acidified  solution  by  shaking  with  ether.  On  evaporating  the 
ethereal  solution  it  leaves  prismatic  needles  of  an  intensely  bitter  taste. 

344.  ESSENTIAL  OILS  CONTAINING  SULPHUR — ALLYLE  SERIES — The 
essential  oils  of  assafoetida,  of  cress,  garlic,  horseradish,  leeks,  mustard, 
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onwnn.  and  ni<//.-7,.>\  differ  from  those  which  have  been  air- 
by  containing  sulphur. 

Those  of  assnt  ess,  garlic,  leeks,  onions,  and  nidMi*  ,.  an  oom- 

posed  essentially  of  the  same  substance,  represent..!  b\  the  formula 
<'ll  8.  The  essence  of  mustard  and  that  of  horseradish  are  composed 
of  r.ii  x 

the  origin  of  essential  oil  of  mustard  is  analogous 

to  that  of  essence  of  alm'«mU.  The  oil  is  obtained  from  the  -eeds  of  the 
black  mustard  after  removing  the  fixed  oil  (which  has  no  pungency 
whatever  by  pre.-sure:  on  moistening  the  crushed  seed  with  water,  the 
production  of  the  essential  oil  is  indicated  by  its  peculiar  odor,  and  it 
ma\  be  -eparated  from  the  seeds  by  distillation.  The  mustard-seeds 
contain  a  salt  of  potash  with  a  peculiar  acid  called  myronic  a<  ,  1 1  r 

S.Op),  together  witb  a  sub-tam-e  ilmilar  to  the  emukiiie  of  almond*, 
which  h:t-  be, -n  termed  my  rotting  and  is  capable  of  inducing  the  decom- 
position of  the  myronic  acid,  and  the  consequent  production  of  essence 
of  mustard,  just  as  the  emulsine  of  almonds  develops  the  essential  <>il 
by  the  decomposition  of  the  amygdalim* :  in  the  case  of  mustard,  how- 
he  nature  of  the  decomposition  has  not  been  so  clearly  made  out, 
but  is  probably  represented  by  the  equation— 

H.C.H.N&O,,    =    2C4H5NS    +     2C.HMOT    +     H,O    +    2SO,. 

Myronic  acid.  Glucose, 

mustard. 

The  essence  of  mustard  has  been  produced  artificially  in  a  very  inter- 
esting and  remarkable  manner. 

When  Lrlycerin  (the  sweet  principle  of  the  fats  and  fixed  oils)  is  dis- 
tilled with  the  biniodidc  of  phosphorus,  a  colorless  ethereal  liquid 
tained.  which  has  the  composition  0,11.1,  and  is  called  /•  ''";/'«', 

because  when  distilled  with  sodium,  it  yields  iodide  of  sodium  and  a 
volatile  liquid  composed  of  C,H.,  and  called  allyli\  in  allusion  to  its 
peculiar  odor  (a//i'um,  gar  The  formation  of  iodide  of  allyl. 

plained  by  the  folio  wing  equation — 

2C,H80,    +    2PI,    =    2C,H6I    +    3H,O.P,Og    +    Ir 

Glycerin.  Iodide  of  allyle. 

When  iodide  of  allyle   is   distilh-d  with  sulphocyanide  of  potassium, 
an  oil}'  liquid  i>  obtained,  identical  in  properties  and  composition  with 
oil  of  muvtard.  which  must  therefore  be  regarded  as  a  ««//•/••.••;/" 
• .  its  arti:  duetion  being  thu>  explained — 

C,HJ     4-     K(CNS)    =    C.H4.CNS    4-     KI. 

Iodide  of  allyle.       gnlphoofanlde  Sulphocvanide  of 

all) 
oU  of  mustaid. 

Ad.liti-.nal  interest  is  createcl  in  this  artiticial  formation  of  oil  of  mus- 

lound  to  be  convertible  into  oil  of  garlic,  l»y  bein^ 
with  sulphide  of  potassium,  when  sulph..,-Vanide  of  potassium  i-  formed 

at    the   -aim-  time,  t  1)118 

2(C,H..CNS)    -I-    K,S    =    (CM  I     B 


ITU  III  li  I  II  f I     1  EMeaoeof  garlir.  ..). 

of  potaMium. 

•  d  that  the   essence  of  ^arlie  is  a  .--»//y .//*./••  <> 
of  which  esseiK-c  <.f  n.  i  sul)>h<H 

1  Fiom  ftf»,,  an  anfoeak 


GUM-RESINS.  509 

The  oil  of  Coclilearia  officinalis  is  sometimes  sold  as  essential  oil  of 
mustard,  which  it  much  resembles;  but  the  former  is  sulphocyanide  of 
butyle,  C4H9.CNS,  and  boils  at  160°  C.,  whilst  the  latter  boils  at  147°  C. 

A  considerable  number  of  compounds  are  included  in  the  allyle  series,  but  are  not 
at  present  possessed  of  any  practical  importance. 

The  allylic  alcohol  (C3H5HO)  is  interesting  as  the  prototype  of  a  new  class  of 
alcohols,  parallel  with  that  represented  by  common  alcohol  (C2H5HO).  In  order 
to  obtain  it,  the  iodide  of  allyle  is  decomposed  by  oxalate  of  silver,  when  oxalate  of 
allyle  is  obtained  — 

2C3H5I    +     Ag2C204    =    (C3H5)2C204    +     2AgI. 
Iodide  of  allyle.  Oxalate  of  allyle. 

By  treating  oxalate  of  allyle  with  ammonia,  allylic  alcohol  and  oxamide  are 
obtained  — 


(C3H5)2C204    +    2NH3    =    2C3H5HO    +    C2H4N2O2. 
Oxalate  of  allyle.  Allylic  alcohol.  Oxamide. 

Allylene  (C3H4),  the  olefiant  gas  of  the  allyle  series,  is  homologous  with  acetylene 
(C2H2),  and  much  resembles  it  in  its  chemical  relations.  It  has  been  prepared  by 
heating  chlorinated  propylene  in  a  sealed  tube  with  sodium-alcohol.  The  chlorin- 
ated propylene  is  a  product  of  the  action  of  pentachloride  of  phosphorus  upon 
acetone  — 

C3H60    +    PC15    =    C3H5C1    +    PC13O    +    HC1; 

Arptmip  Chlorinated 

propylene. 

C3H5C1    -f    C2H5NaO    =    C3H4    +    NaCl    +    C2H6O. 
Sodium-alcohol.      Allylene.  Alcohol. 

By  its  action  on  ammoniacal  nitrate  of  silver,  it  yields  argeniattylene,  C3H3Ag. 
When  sodium  is  heated  in  allylene,  carbon  and  hydrogen  are  liberated,  and  sodic 
acetylide  is  formed,  C3H4  +  Na2  =  C2Na2  +  C  +  H4,  a  little  propylene  (C3H6)  is 
formed  at  the  same  time. 

345.  GUM-RESINS.  —  The  gum-resins  consist  of  a  mixture  of  gum  with 
resin,  and  occasionally  with  essential  oil,  and  are  distinguished  by  their 
behavior  when  triturated  with  watfer,  which  dissolves  the  gum,  and 
leaves  the  oil  and  resin  suspended,  giving  the  liquid  a  milky  appearance. 
They  also  differ  from  most  resins  in  being  only  partially  soluble  in  alco- 
hol. The  gum-resins  exude  from  the  plants  producing  them  in  a  milky 
state,  gradually  solidifying  by  exposure  to  the  air. 

Assafcetida  contains  a  resin  of  the  composition  C20H26O5,  and  owes  its 
powerful  odor  to  an  essential  oil  containing  sulphur,  which  has  been 
already  noticed.  Galbanum,  ammoniacum,  aloes,  olibanum  or  frankin- 
cense, scammony,  gamboge,  myrrh,  and  euphorbiiim,  also  belong  to  the 
class  of  gum-resins. 

Caoutchouc  (C.H8)  is  so  far  allied  to  the  gum-resins  that  it  is  procured 
from  a  milky  exudation  furnished  by  several  tropical  plants,  particularly 
by  the  Heevsea  guianensis  and  Jatropha  elastic  a.  Incisions  are  made  in 
these  trees,  and  the  milky  liquid  thus  obtained  is  spread  upon  a  clay 
bottle-shaped  mould,  which  is  then  suspended  over  a  fire;  a  layer  of 
caoutchouc  is  thus  deposited  upon  the  mould,  and  its  thickness  is  after- 
wards increased  by  repeated  applications  of  the  milky  liquid,  the  mould 
being  eventually  broken  out  of  the  caoutchouc  bottle  thus  formed.  The 
dark  color  of  the  caoutchouc  found  in  commerce  is  believed  to  be  due 
to  the  smoke  from  the  fire  over  which  it  is  dried,  for  pure  caoutchouc  is 
white,  and  may  be  obtained  in  this  state  by  dissolving  in  washed  ether 
and  precipitating  it  by  the  addition  of  alcohol,  in  which  it  is  insoluble. 
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i.Mitehonc  of  commerce  contains  a  small  q  ••!*  allnim- 

•  n_Mii:il  milky  liquid,  this  being  really  a  solution  <>f  aU»u- 
men  holdit  cnsion  about  30  per  cent,  of  caoutchoiie.  which  n-.-- 

to  tin-    surface    like   cream,  when  tin-  JlllcC    i-  diluted  with  water   ami  al- 
lowed to  stand,  becoming  coherent  and  elastic  win  -i.  ir.     It 

will  In-  rememlieied  that  man\   of  tin-  clm-f  uses  of  caoutchouc  depend 
Upon  it-  physical  rather  than  its   chemical  |.r«.|  .  ,*  (sp. 

gr.  0.9.'i)  uii'l  impermeahility  to  water  adapting  it  for  tin-   falirica1 

i-roof  articles  of  dot  him:,  of  life  lmo\  s.  \c..  whilst  its  remarkable 
elasticity  gives  rise  to  a  still  greater  variety  of  applications. 

the  manufacture  of  waterproof  cloth,  caoutchouc  is  dissolved  in 
.  d  turpentine,  ami  the  solution  is  spread,  in  a  viscid  state. 
the  surfaces  of  two  pieces  of  cloth  of  the  same  size,  which  are  then  laid 
face  to  face  and  pressed  between  rollers,  the  pressure  of  \\hich  causes 
perfect  adhesion  between  the  two  surfaces.  Bisulphide  of  earUm.  hen- 
xole,  and  coal  naphtha,  petroleum,  the  oils,  both  fixed  and  volatile,  are 
also  capable  of  dissolving  caoutchouc. 

is  a  solution  of  caoutchouc  with  a  little  shellac  in  coal- 
tar  naphtha. 

Wat>  -  made  by  matting  together  fibres  of  cotton  impreg- 

nated with  a  solution  of  caoutchouc  in  naphtha,  and   passing  tl  • 
between  rollers.    When  kept  for  a  length  of  time,  its  strength  and 
proof  qualities  are  deteriorated,  iu  consequence  of  the  oxidation  <>f  the 
caoutchouc,  which  is  thus  converted  into  a  resinous  substance  roemhlin^ 
shellac,  and  easily  dissolved  !»y  alcohol. 

The  alkalies  and  diluted  acids  are  without  effect  upon  caoutchouc. 
gently  warmed,  it  becomes  far  more  soft  and  pliahle  ;  it  fuses  at 
al.out  250J  P.,  and  is  converted  into  an  oily  liquid,  which  becomes  \  i^  -id 
on  coolitiLT.  hut  will  not  again  solidify,  and  is  useful  for  lubricating  stop- 
cocks. When  further  heated  in  air,  it  hums  with  a  bright  smoky  flame. 
Heated  in  a  retort,  caoutchouc  is  decomposed  into  several  hydro,  -arl.o  us, 
one  of  \\hieh.  called  uroprene,  boils  at  about  100°  F..  and  lm>  the  com- 
position C&H8,  while  caoutchine  has  the  same  composition  as  oil  of  tur- 
pentine, and  boils  at  340°  P.;  they  are  well  adapted  for  dissolving 
caoutchouc. 

•  d  caoutchouc  is  produced   l»y  incorporating  this 
with  'J  Of  ::  per  cent,  of  sulphur,  which  not  only  increases  in  a  remark- 

nanner  its  elasticity,  hut  prevents  it  from  cohering  under  pi. 
and  from  adhering  to  Other  surfaces  unless  strongly  heated.  The  vul- 
canized caoutchouc  is  also  insoluble  in  turpentine  and  naphtha.  Ordi- 
nary viileanixed  caoutchouc  generally  contains  more  sulphur  than  is 
stated  above,  which  causes  it  to  become  inelastic  and  hrittlc  after  it  has 
been  some  time  in  u-e  :  and  for  some  purposes,  such  as  the  manufacture 
of  overshoes,  it  is  found  advantageous  to  add  s<  nate  «>i  lead  as 

well  as  sulphur. 

When  a  -heel  of  caoutchouc  is  allowed  to  remain  for  some  t  line  in  filled 

sulphur  at   J    "     I  ..  it  al^orli-   1  '_'  or  1  .">  per  cent,  of  that  ch-m.-ut   without 

;i'j.  an\   material  alteration  ;   l.ut  if  it  !•«•  heated  I'm-  a  short  time  to 

800°  P.,  it  becomes  \  i.  and  w  hen  ^\\\\  furt  her  haft 

into  the   Mark    i  M  called  d   Used    for 

:iUr   the   Vllleaiil/ed   ca«  ml  ch«  .lie 

with  sulphite  of  soda,  the  excess  of  sulphur  al  '.  may 

bedissolsed   out.      The  \\holr  of  tin-   sulphur  ii  •  d.  and   the 

caoutchouc  devuleuni/..  d    l*y  hoiling  it  with  a  ]<>  \                    -nri-n   of 
caustic  soda. 
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There  are  several  processes  employed  for  the  manufacture  of  vulcan- 
ized caoutchouc;  sometimes  the  sulphur  is  simply  incorporated  with  it  by 
mechanical  means.  Another  process  consists  in  immersing  the  caout- 
chouc in  a  mixture  of  100  parts  of  bisulphide  of  carbon  with  2.5  parts 
of  chloride  of  sulphur  (S^Cl,),1  or  in  dissolving  the  sulphur  in  oil  of 
turpentine,  which  is  afterwards  used  to  dissolve  the  caoutchouc ;  when 
the  turpentine  has  evaporated,  a  mixture  of  caoutchouc  and  sulphur  is 
left,  which  may  easily  be  moulded  into  any  desired  form,  and  after- 
wards vulcanized  by  exposure  to  high  pressure  steam  having  a  tempera- 
ture of  about  280°  F. 

The  true  chemical  constitution  of  vulcanized  caoutchouc  is  not  yet 
understood  ;  it  has  been  suggested  that  the  sulphur  has  been  substituted 
for  a  portion  of  the  hydrogen  in  the  original  caoutchouc,  but  it  does  not 
seem  improbable  that  this  hydrocarbon  may  combine  directly  with 
sulphur. 

Caoutchouc  is  by  no  means  rare  in  the  vegetable  world,  being  found 
in  the  milky  juices  of  the  poppy  (and  thence  in  opium),  of  the  lettuce, 
and  of  the  euphorbium  and  asclepia  families. 

Gutta-percha,  like  caoutchouc,  is  originally  a  milky  juice  which  exudes 
from  incisions  made  into  the  wood  of  the  honandra  percha,  a  native  of 
the  Eastern  archipelago.  This  juice  soon  solidifies  when  exposed  to  air, 
to  a  brownish  mass  heavier  than  caoutchouc  (sp.  gr.  0.98),  and  differing 
widely  from  it  by  being  tough  and  inelastic  at  the  ordinary  temperature, 
becoming  quite  soft  and  plastic  when  heated  nearly  to  the  boiling-point 
of  water.  Being  impervious  to  water,  it  is  employed  as  a  waterproof 
material  and  for  water-pipes,  whilst  its  want  of  conducting  power  for 
electricity  is  turned  to  account  in  the  coating  of  wires  for  the  electric 
telegraph. 

Gutta-percha  is  dissolved  by  the  same  substances  which  dissolve 
caoutchouc.  It  dissolves  very  slowly  in  ether,  but  is  not  affected  by 
diluted  acids  and  alkalies,  and  is  employed  for  the  manufacture  of  bottles 
in  which  hydrofluoric  acid  is  kept.  It  liquefies  at  a  moderately  high 
temperature,  and  is  afterwards  decomposed,  yielding  products  similar  to 
those  obtained  from  caoutchouc. 

The  gutta-percha  of  commerce  appears  to  contain  only  about  80  per 
cent,  of  pure  gutta-percha  (0201132),  which  is  soluble  in  ether,  the  re- 
mainder consisting  of  two  resins  which  may  be  dissolved  out  by  boiling 
with  alcohol,  when  a  white  crystalline  resin  (C<20H32O2)  is  deposited  on 
cooling,  leaving  an  amorphous  resin  (CwHttO)  in  solution. 

Pure  gutta-percha,  exposed  to  air,  is  gradually  converted  into  these 
resinous  bodies,  unless  light  be  excluded. 

346.  GUMS. — Connected  with  the  substances  just  described  as  being 
immediate  products  of  vegetable  life,  are  the  gums,  which,  though  resem- 
bling the  resins  in  transparency  and  lustre,  are  at  once  distinguished 
from  them  by  their  solubility  or  softening  in  water,  and  by  their  insolu- 
bility in  alcohol. 

Gum  arabic,  which  may  be  studied  as  the  representative  of  this  class, 
is  an  exudation  from  certain  species  of  acacia,  and  consists  essentially  of 
arabine,  which  has  the  composition  C12H220U.  It  dissolves  readily,  even 
in  cold  water,  in  large  proportion,  forming  a  viscid  liquid,  from  which 
the  arabine  is  precipitated  in  white  flakes  on  adding  alcohol. 

When  arabine  is  boiled  with  diluted  sulphuric  acid,  it  is  converted 

1  A  mixture  of  sulphur  and  chloride  of  lime  is  said  to  be  sometimes  employed. 
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into  grape-sugar  (<'  .11.  ,<  >  i  l>y  a—imilatin>:  the  dements  of  water, 
ng  it  closely  with  starch,  wli'u -h  -ptihleof  a 

timlli 

Hut  il    property  distinguishing  tin-    ii'im-    is   their   he! 

with   I,  ..  which   flirilMio   inn.-i,-  n,-t',l  (  II   < ',  H   '  ' 

i  H  c<>4>.     Tin-   latter  acid    is  also  formal   l,\  M  of  nitn 

upon  starch  and  sugar,  \\liiUt  mncic  acid  may  be  obtained    l.y  a  similar 
process  from  sugar  of  milk  ami  from  manna  sugar  (mannite). 

i>  "Men  n-ed  in  place  of  gum  arable,  especially  l»y  calico- 
printer*  t«>  thicken  their  colors.  It  is  darker  in  color  than  gum  arable, 
I'm  also  consists  essentially  of  arabine. 

1     "*Ao)>  *hich  exudes  from  the 

far  less  transparent  than  gum  arabic,  t'rom  which  it  also  differs 
by  not  dissolving  in  water,  but  merely  swelling  up  to  a  soil  gelatinous 
niass.  This  variety  of  gum,  which  is  also  called  mucilage,  cerasine,  or 
bassorine,  is  found,  together  \\ith  arabine,  in  the  gum  which  exudes 
from  the  cherry,  plum,  almond,  and  apricot  trees,  and  gives  the  muci- 
laginous character  to  the  \\aterv  de( octions  prepared  from  certain 
such  as  linseed  and  quince-seed,  and  from  the  root  of  the  marshmallow. 


STARCH. 

347.  Starch  (C.H,005)  differs  widely  from  the  vegetable  products  just 
noticed,  in  ]>emur  an  indispensable  constituent  of  certain  part- of  plant  >, 
in  possessing  an  organized  structure,  and  playing  a  very  important  part 
in  the  nutrition  of  the  plant. 

In  composition,  it  is  seen  to  correspond  with  cellulose,  which  has  also, 
it  will  l.e  remembered,  an  organized  structure;  l.ut  the  function  . 
lulose  in  the  plant  appears  to  be  chiefly,  if  not  entirely,  a  nice  1 1 
one,  Mince  it  forms  the  skeleton  or  framework  of  the  plant,  for  which  its 
resistance  to  chemical  change  especially  adapts  it ;  whilst  it  will  be  seen 
that  starch  suffers  chemical  changes  in  the  vegetable,  which  may  be  com- 
pared in  -oinc  measure  to  the  digestion  of  the  food  in  the  animal  i>odv. 

Starch  is  manufactured  chiefly  from  potatoes,  win  -at,  and  rice. 

-olid  portion  of  the  potato  consists  chiefly  of  starch,  as  appears 
in  the  following  result  of  analysis: 

Competition  of  the  Potato. 

76.9 


Vegetable  album-  a, 
Oily  matter, 
Woody  flbr. 
Starch", 

i!  tubsUacec, 


2.8 
02 
0.4 

1  o 

ioao 


In  order  to  extract  the  starch,  the  potatoes  are  rasped  to  a  pulp,  which 
Is  wash'-d  upon  a  sieve,  under  a  stn-am  of  \\aler,  a-  Ion-  a-  the  letter  is 

.-.I  milky  l>\  the  |(  ,  d  in  il,  t  lil-re  lu-ii 

behind  upon  the  Mcve.      The   milky  liquid    i-   alloued    to  -ettle,  and   the 

.un  oil  ;  t  'irred  up  will. 

.  and  again  allowed  to  subside,  this  proct--  \t  \»\\^ 

:    which    '  itli  a  -mall 

quantity  of  water,  and  passed  through  a  li:  parate  mechani- 
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cally  mixed  impurities ;  it  is  finally  drained  and  dried,  first,  in  a  current 
of  air,  and  afterwards  by  a  gentle  heat. 

Starch  cannot  be  extracted  from  wheat  so  easily  as  from  potatoes,  on 
account  of  the  much  larger  proportion  of  other  solid  matters  from  which 
it  must  be  separated. 

Composition  of  Wheat. 

Water, 12.1 

Vegetable  albumen, 2.0 

Oily  matter,    .  1.1 


Woody  fibre,  . 
Starch,    . 

Dextrine  and  sugar, 
Gluten,  . 
Mineral  substances, 


1.5 
60.8 
10.5 
10.5 

1.5 

100.0 


To  extract  the  starch  the  coarser-ground  wheat  is  moistened  with 
water,  and  allowed  to  putrefy,  as  it  easily  does,  in  consequence  of  the  alter- 
able character  of  the  gluten  (which  contains  carbon,  hydrogen,  nitrogen, 
oxygen,  and  sulphur);  the  putrefying  gluten  excites  fermentation  in  the 
sugar  and  part  of  the  starch,  producing  acetic  and  lactic  acids.  These 
acids  are  capable  of  dissolving  the  remainder  of  the  gluten,  which  may 
then  be  washed  away  by  water,  the  subsequent  processes  being  similar  to 
those  employed  in  the  extraction  of  potato  starch. 

A  far  more  economical  and  scientific  method  of  extracting  the  starch 
consists  in  dissolving  the  gluten  by  means  of  a  weak  alkaline  solution, 
which  leaves  the  starch  untouched.  This  process  is  especially  applied  in 
the  manufacture  of  starch  from  rice,  the  composition  of  which  is  here 
given : 

Composition  of  Rice. 

Water, 5.0 

Starch, 830 

Gluten, 6.0 

Woody  fibre, 4.8 

Sugar,         \  .  0 

Dextrine,  / 

Oily  matter, 0.1 

Mineral  matters, 0.1 

100.0 

The  whole  rice  is  allowed  to  soak  for  twentY-lc'ir  hours  in  water  con- 
taining -3  J-^th  of  its  weight  of  caustic  soda  ;  it  is  then  washed  and  ground 
into  flour,  which  is  again  soaked  for  two  or  three  days  in  a  fresh  alkaline 
solution ;  the  starch  is  allowed  to  settle,  and  the  alkaline  liquor  holding 
the  gluten  in  solution  is  drawn  off.  To  complete  the  purification  of  the 
starch,  it  is  stirred  up  with  water,  the  heavier  woody  fibre  allowed  to  sub- 
side, and  the  milky  liquid  is  run  off  into  another  vessel,  where  it  deposits 
the  starch. 

Starch  is  usually  sent  into  commerce  in  the  rough  prismatic  fragments 
into  which  it  splits  during  the  process  of  drying,  and  is  generally  colored 
blue  by  the  addition  of  a  little  artificial  ultramarine  or  smalt,  in  order  to 
correct  the  yellow  tint  of  linen.  Commercial  starch  generally  contains 
about  18  per  cent,  of  water. 

1  The  existence  of  sugar  in  wheat  is  denied  by  Peligot. 
33 
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Starch  being  possessed  of  at  •  •  i«  -tiinMni^lit 

:il  characters  with  the  source  from  which  it  was  derived ; 

.     |  tin. I  that,  with  tin-  hclpof  the  microseope.  it  i, 
i  from  what  plant  any  particular  specimen    of  March  was  pro- 
••sult  which  could  not  be  arrived  at  by  a  chemical  cxamina- 

T  In  is,  powdered  starch  from  the  potato  (P,  Fig.  288)appears  under  the 

^•opein  vcrv  irregularovoid  granules,  marked  with  concent  He  rin^s, 

and  of  larger  size  than  those  from  most  other  vegetables,  the  long  diameter 

FIO.  m 


nf  the  Drains  being  usually  about  ^!,0  inch.  Wheat  starch  (W)  exhibits 
grains  which  are  nearly  circular,  and  are  not  marked  with  rings;  they  are 
iniich  smaller  than  those  of  potato  starch,  having  a  diameter  of  about 
M  inch.  The  grains  of  rice  starch  (R)  are  angular,  and  -till 
smaller,  measuring  only  about  ^Q  of  an  inch  in  diameter.  A  represents 
the  starch  granules  of  arrowroot. 

eh  is  quite  unaffected  i,\  cold  water;  tat  if  it  be  heated  with  water 
to  a  temperature  above  140°  P.,  the  granules  swell  up.  burM,  and   \  i.ld 

11  known  viscid  liquor  used  by  laundresses.  If  this  be  mixed  with 
a  large  quantity  of  water,  and  allowed  to  stand,  some  of  the  imp. 
burst  granules  subside,  but  the  greater  part  of  the  starch  remains  so  inti- 
mately mixed  with  the  water  that  it  is  not  separated  by  lilt  rat  ion  through 
though  it  has  been  shown  that  when  the  rootlets  of  a  hya<  inth  are 
immersed  in  the  diluted  magma  of  starch,  the  \\ateraloue  is  taken  up  by 

pillary  vessels,  affording  a  stroni:  presumption  that  the  starch  was 
simply  in  a  state  of  suspension    in  the  water.      If  the  boiled  starch   be 

rated  to  dryness,  a  brittle  mass  remains,  which  may  a^ain  I- 
Up  without  ditliculty  by  w:i' 

This  peculiar  behavior  of  starch  with  water  is  closely  connected  with 

'•as  food.     Raw  starch  U  digested  wit  h  ditliculty,  and  olteii  passes 

unaltered  through  the  bowels;  but  the  ea-e  with  which  the  March  gelat- 

i    is  digested,  is  shown   by  the  wh«.le>omeness  of  sago, 

a,  and  arrowroot,  which  consist  Him  ply  of  starch,  and  arc  prepared 

>d  by  heating  them  with  water  t«>  the  point  at  which  the  granules 

•wroot  is  the  starch  extract,  d  trom  the  root  of  the  Mar 
//ra,  and  of  some  other  tropieal  plat 

In  the  pffd  i    of  tapio  .  Iried  at    a   tem- 

ire  above  1  I"      I  ..      •  <  hat  it  loses  its  ordinary   farinaceous  appear- 
1  becomes  sem 

Tom  the  pith  of  certain  species  of  palm.  i\ 

•    Indian  islan  is   split    so  as  to  expose  t  he  pith, 

which  1    with  water,  and  the  March  haying  '  i  from 

the  woody    fibre    in   the   usual    mainie..  lirou^h  a  perforated 

metallic  plate,  which  moulds  it  into  small  cylinders;   these  are  placed  in 
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a  revolving  vessel  and  broken  into  rough  spherical  grains,  which  are 
steamed  upon  a  sieve,  and  dried. 

Tapioca  is  obtained  from  the  roots  of  the  Jatropha  maniliot,  a  native 
of  America.  The  roots  are  peeled  and  subjected  to  pressure,  which 
squeezes  out  a  juice  employed  by  the  Indians  to  poison  their  arrows,  and 
containing  a  deleterious  substance  which  has  been  named  jatrophine. 
When  the  juice  is  allowed  to  stand,  it  deposits  starch,  which  is  well 
washed,  pressed  through  a  colander,  and  dried  at  212°  F. 

Oswego,  or  corn-flour,  is  the  flour  of  Indian  corn  deprived  of  gluten 
by  treatment  with  a  weak  solution  of  soda. 

348.  Dextrine. — When  starch  is  heated  in  an  oven  to  about  400°  F. 
for  an  hour  or  two,  it  becomes  easily  soluble  in  cold  water,  yielding  a 
solution  having  all  the  properties  of  gum ;  the  starch  has  indeed  been 
converted  into  a  new  substance  known  as  dextrine  or  British  gum,  which 
is  largely  used  by  calico-printers  for  thickening  their  colors,  and  is  sub- 
stituted for  ordinary  gurn  in  many  other  applications.  There  is  a  cur- 
rent anecdote  which  attributes  the  discovery  of  dextrine  to  a  conflagra- 
tion at  a  starch-factory,  where  the  work-people,  who  assisted  in  quench- 
ing the  fire,  observed  the  gummy  properties  of  the  water  which  had  been 
thrown  over  the  torrefied  starch.  In  toasting  bread  a  portion  of  the 
starch  is  converted  into  dextrine,  which  is  dissolved  by  the  water  in  the 
preparation  of  toast  and  water.  Farinaceous  foods  for  infants  are  made 
by  baking  flour,  in  order  to  convert  the  starch  into  dextrine. 

It  is  very  remarkable  that  the  composition  of  dextrine  (C6H]005)  is 
precisely  that  of  starch;  they  are  isomeric  bodies,  so  that  the  difference 
in  their  properties  must  be  ascribed  to  a  difference  in  the  arrangement 
of  their  component  particles  ;  the  name  of  dextrine  was  conferred  upon 
this  gummy  substance  on  account  of  the  power  possessed  by  its  solution 
of  causing  a  right-handed  rotation  in  a  ray  of  polarized  light.  When 
oxidized  by  nitric  acid,  dextrine,  like  starch,  is  converted  into  oxalic 
acid,  a  circumstance  distinguishing  it  from  ordinary  gum,  which  fur- 
nishes mucic  acid  when  acted  upon  by  nitric  acid. 

Dextrine  is  usually  prepared  on  the  large  scale  by  moistening  10  parts 
of  starch  with  3  parts  of  water  acidulated  with  Ti(1th  of  nitric  acid;  the 
mixture  is  allowed  to  dry,  and  spread  upon  trays  in  an  oven,  where  it  is 
heated  for  an  hour  or  so  to  240°  F.  The  nitric  acid  thus  allows  the 
starch  to  be  converted  into  dextrine  at  a  temperature  which  would  be 
quite  inadequate  to  effect  the  transformation  of  starch  alone. 

This  power  of  accelerating  the  conversion  of  starch  into  dextrine  is 
shared  by  all  acids.  Hence  if  starch  be  boiled  with  water,  and  the  viscid 
liquid  so  obtained  be  mixed  with  an  acid,  and  again  boiled,  it  gradually 
becomes  thinner,  and  is  eventually  converted  into  dextrine.  The  change 
is  very  readily  effected  by  boiling  the  starch  solution  with  a  few  drops 
of  sulphuric  acid,  and  the  gradual  conversion  of  the  starch  may  be  traced 
by  means  of  an  aqueous  solution  of  iodine.  On  adding  this  solution  to 
a  portion  of  the  (cold)  solution  of  starch,  it  produces  the  usual  dark- 
blue  color;  but  on  adding  it,  at  invervals,  to  portions  of  the  acidulated 
and  boiled  liquid,  taken  away  and  cooled  for  the  purpose,  the  blue  color 
will  be  replaced  by  a  peculiar  vinous  purple  tint  which  iodine  imparts 
to  solutions  of  dextrine  containing  a  little  unchanged  starch. 

The  solution  of  iodine  is  much  used  in  proximate  organic  analysis  as 
a  test  for  starch,  and  it  is  necessary  to  bear  in  mind  that  the  blue  color 
is  bleached  by  alkalies  (which  take  up  the  iodine)  and  by  heat,  though, 
in  the  latter  case,  it  may  be  restored  by  cooling  the  liquid.  The  blue 
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Iocs  not  appear  to  be  due  to  th> 

!ii|>oiiMil  \\ith    the   starch,  but  rather   to   a   mechanical   adhesi.,n  of 
nely  divided  iodine  to  the  particles  of  starch.      Tin-  B61 

iinc  has  given  •  ion  in 

th.-  pit  a    of  paper  tor    lh  'ion   of  forgery   in 

.  -.  A-,-.      If  paper   be    impregnated  with  a  mixture  of  iodide  . 
tassium  and  starch,  which  U  white,  it  wii;  an  intense 

blue  color  on  tl»e  application  of  any  of  the  hlcaching  agents  (chl 
hypochlorous  aci'l.  chlorides  of  lime  an.  I  -oda),  generally  us* 
removing  ink,  as  these  liberate  tl.  which  immediately  blues  the 

starch 

If  the  ebullition  of  the  dextrine  in  contact  with  the  sulphuric  acid  be 
continued,  the   solution  entirely  loses  its    property  of  being  Colored  by 
iodine,  and  acquires  a  sweet  taste,  the  dextrine  having  been 
into  <////<•„>•,•  or;  -.<'||    <  >     i,y  assimilating  the  elements  of  two 

molecules  of  water1  — 


CfH10O4  (Dot**)      +      2H,0      =      C.HHOT 

349.  Oermimr  9  /.  —  This   tendency  of  starch  to 

combine  with  the  elements  of  water  and   |  jrape-sugar,  will  be 

found  of  immense  importance  in  the  chemistry  of  \vgetat  ion,  as  well  as 
in  that  of  food.  It  is.  indeed,  the  chief  cliemieal  change  concerned  in 
the  development  of  living  from  inanimate  matter,  being  one  of  the  HIM 
processes  involved  in  the  germination  of  a  seed  —  the  first  step  in  the 
produetion  of  vegetables,  which  muM  preeed.-  the  animals  whose  food 
they  compose. 

The  components  of  all  seeds  are  similar  to  those  of  wheat,  which  have 
been  enumerated  above  ;  and  if  they  be  perfectly  dried  immediate!;, 
their  removal  from  the   parent  plant,  they  may  be  preserved  for  a  great 
length  of  time  unchanged,  and  without  losing  the  power  of  germinal  ing 

favorable  ei  remittances.  The  essential  conditions  of  germination 
are  the  presence  of  air  and  moisture,  and  a  certain  temperature,  which 

with  the  nature  of  the  seed.  These  conditions  being  fulfilled,  the 
seed  absorbs  oxygen  from  the  air,  and  eroolvei  carbonic  acid,  produced 
by  the  combination  of  the  oxygen  with  the  earb  of  the 

most  alterable  constituents  of  the  seed,  such  as  the  vegetable  albumen 
or  the  gluten.      This  process  of  ox  idal  ion  is  attended  uiih  evolution  of 
Inch  serves  to  maintain  the  seed  at  the  degree  of  warmth  most 

Me  to  germination.  The  component  particles  of  the  albumen  or 
gluten  having  been  set  in  motion  by  the  action  of  the  atmospheric 
oxygen,  induce  a  movement  or  chemical  change  in  the  starch  with  which 
they  are  it,  .  causing  it  to  pass  into  dextrine  and  -i  ape-sugar, 

.  unlike  the  starch.  bein-_r  p'  iuble  in  water,  are  capable  of 

to  the  developing   shoot    tin-  .    hydrogen,  and   oxygen 

which  •  -  for  the  increase  of  it-  frame.      The  j  M  of  grape- 

All  gar  and  of  dextrine  in  germination  is  well  illustrated  by  the  sweet 
gumin  r  of  the  bread  ma  -.heat,  and  is  turned 

to  practical  account  in  the  process  of  ma!- 

DIM  rMMOO  to  brllwe  that  «rmpe-«ugmr  from  >Urch  mulu  frum  » 

to  that  by  which  It  U  obuioc-d  from  M! 

1,0,.  +  211,0  -  C.H..O.  4   cya 

.  •      '     •  .     '• 
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During  the  germination  of  all  seeds  there  is  formed,  apparently  by 
the  oxidation  of  one  of  the  more  alterable  constituents,  a  peculiar  sub- 
stance containing  carbon,  hydrogen,  nitrogen,  and  oxygen,  which  has 
never  3^et  been  obtained  from  any  other  source,  and  is  characterized  by 
its  remarkable  property  of  inducing  the  conversion  of  starch  into  dex- 
trine and  grape-sugar. 

This  substance  has  been  termed  diastase  (d'.dffrdfftq,  dissension  ;  metaph. 
fermentation),  but  has  never  yet  been  obtained  in  a  state  of  sufficient 
purity  to  enable  its  formula  to  be  satisfactorily  determined.  It  may  be 
extracted,  however,  from  malt,  by  grinding  it,  and  mixing  it  with  half 
its  weight  of  warm  water,  which  dissolves  the  diastase ;  the  solution 
squeezed  out  of  the  malt  is  heated  to  about  170°  F.,  filtered  from  any 
coagulated  albumen,  and  mixed  with  absolute  alcohol,  which  precipi- 
tates the  diastase  in  white  flakes.  One  part  of  diastase  dissolved  in 
water  is  capable  of  inducing  the  conversion  of  2000  parts  of  starch  into 
dextrine  and  grape-sugar,  the  diastase  itself  being  exhausted  in  the 
process.  A  temperature  of  about  150°  F.  is  most  favorable  to  the  action 
of  diastase,  which  may  be  arrested  entirely  by  raising  the  liquid  to  the 
boiling-point. 

The  great  importance  of  diastase  in  the  arts  of  the  brewer  and  distiller 
is  at  once  apparent.  In  the  process  of  malting  barley,  the  grain  is  soaked 
in  water%and  afterwards  spread  out  in  thin  layers  upon  the  floor  of  a 
dark  room  (thus  imitating  the  natural  condition  under  which  the  seed 
germinates),  which  is  maintained  as  nearly  as  possible  at  a  constant  and 
moderate  temperature  (between  55°  and  62°  F.)  ;  spring  and  autumn 
are,  therefore,  more  favorable  to  malting  than  summer  and  winter.  It 
soon  evolves  heat,  and  the  grains  begin  to  swell ;  in  the  course  of  twenty- 
four  hours  the  germination  commences,  and  the  radicle  makes  its  first 
appearance  as  a  whitish  protuberance ;  the  grain  is  turned  two  or  three 
times  a  day,  in  order  to  equalize  the  temperature.  In  about  a  fortnight 
the  radicle  has  grown  to  about  half  an  inch,  by  which  time  a  sufficient 
quantity  of  diastase  has  been  formed.  In  order  to  prevent  the  germi- 
nation from  proceeding  further,  the  grain  is  killed  by  drying  it  at  a 
temperature  of  90°  F.  on  perforated  metallic  plates,  where  it  is  after- 
wards heated  to  about  140°  F.,  so  as  to  render  it  brittle,  after  which  it 
is  sifted  in  order  to  separate  the  radicle,  which  is  now  easily  broken  oft'. 
This  radicle  is  found  to  contain  as  much  as  ith  of  the  total  quantity  of 
the  nitrogen  present  in  the  barley,  so  that  the  malt  dust,  as  the  siftings 
are  called,  forms  a  valuable  manure. 

100  parts  of  barley  generally  yield  about  80  parts  of  malt,  but  a  part 
of  the  loss  is  due  to  water  present  in  the  barley,  so  that  100  parts  of  dry 
barley  yield  90  parts  of  malt,  and  4  parts  of  malt  dust,  the  difference, 
viz.,  6  parts,  representing  the  weight  of  the  carbon  converted  into  car- 
bonic acid,  of  the  hydrogen  (if  any)  converted  into  water  during  the 
germination,  and  of  soluble  matters  removed  from  the  barley  in  steep- 
ing. Malt  contains  about  s^h  of  its  weight  of  diastase,  far  more  than 
enough  to  insure  the  conversion  of  the  whole  of  its  starch  into  sugar. 

The  following  table1  illustrates  the  change  in  composition  suffered  by  barley 
during  the  process  of  malting,  leaving  the  moisture  out  of  consideration  : 

1  Lawes :  Report  on  the  Relative  Values  of  Unmalted  and  Malted  Barley  as  Food  for  Stock.    1866. 
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•alt, 

-.,.,,,„, 

UK** 

on  floor. 

Malt  after 

-.:,:„, 

Maltdurt. 

.    . 

2.66 

1.66 

12.14 

11.01 

11.86 

Steri-h.                           .     } 
Dexi                                     i 

\\ 

80.42 

4  -;1' 

81.12 
622 

70.09 
6  08 

72.08 

4  04 

I*  J| 

•  ,  ,  - 

Albuminous  matter, 

9.88 

9.88 

10.89 

9.96 

B6.M 

Mineral  matter,  .     . 

2.50 

2.27 

2.86 

•J  17 

8.40 

100.00 

100.00 

100.00 

llMMMl 

100.00 

350.  lirewiinj. — In  order  to  prepare  beer  the  brewer  nm. </••.<  the 
Around  malt  with  water  at  about  180°  F.  for  some  hours,  when  the  dias- 
tase induces  the  conversion,  into  dextrine  and  sugar,  of  the  greater  |>:ut 
of  tin-  si  arch  \\hich  has  not  been  so  changed  during  the  germination. 
and  the  v»rt  is  ready  to  be  drawn  off  for  conversion  into  Inn.  The 
ohed  portion  of  the  malt,  01  .uns  a  con- 

si,  lei  able  quantity  of  nitrogenized  matter,  and  is  emplov, -d  for  feeding 

That  malt  contains  far  more  diastase  than  i-  necessary  to  convert   its 
-»:nvh  into  sugar  is  shown  by  adding  a  little  infusion' of  malt  to  the 
vi-cid  solution  of  starch,  ami  maintaining  it  at  about  150°  F.  for 
hours,  when  the  mixture  will  have  become  far  more  tin  id.  and  will  no 
longer  be  colored  blue  by  solution  of  iodine.     In  distill.  :mtage 

is  taken  of  the  excess  of  diastase  in  malt,  by  adding  3  or  4  parts  of 
nnmalted  Lrrain  to  it.  when  the  whole  of  the  starch  in  this  lat 
converted  into  dextrine  and  sugar,  and  the  labor  and  expense  of  malt- 
ing it  are  avoided. 

wort  obtained  by  infusing  malt  in  water  contains  not  only  grape- 

1  diastase,  but  a  considerable  quantity  of  nitrogen- 

itter  formed  from  the  gluten  (or  albuminou-  DQ  '  !'«•  barley. 

Before  subjecting  it  to  fermentation,  it  is  boiled  with  a<piantity  of  hops. 

usually  amounting  to  about  ^Oth  of  the  weight  of  the  malt  < mplo\*  ,1. 

whieh  is  found  to  prevent,  in  great  measure,  the  t<  f  the  beer 

to  become  sour  in  consequence  of  the  conversion  of  the  alcohol  into 

acetie  aeid. 

The  Ho]>  contains  about  1 0  per  cent  of  an  a  i  \ « ll..w  poudn. 

called  .  which  appears  to  be  the  ncti\c  poni,,n.  and  which  con- 

tains a  volatile  oil  of  peculiar  odor,  together  with  a  \er\  Litter  -nUtaiiee. 

The  hopped  \\oit   i-  run  off  into  a  vat.  when-  it    i-  allowed   to  d> 
the  undi-snlvrd  p<»i  t  ion  of  t  he  hops,  and   the   deal'   liquor   is   drawn   oil' 
- 1  lallow  coolers,  where   it*  t.  i    as   rapidly  as 

possible  to  about  60°  F.,  the  cooling  beinur   usually  hastened  l>\  .-..Id 
water  circulating  through  pipcx  which  :  >.      Iftliew..rt 

be  OOoled  tOO  slowly,  the  nit  i  •  matti-r   which    it    contains   undei- 

goes  an  at'  ...n  of  th.  .-..nsequenee  of  whieh  the 

beer  i-  \ery  lial-h-  to  lii-eoni,.  :u-id. 

made 

-ually  in   the   proportion  of  (  ^^h 
of  iU*  volume. 

-t  is  a  minute  fnn;joi,i  .-.which  ^rows  in  solutions  con- 
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taining  sugar  together  with  some  nitrogenized  substance  (e.  g.,  a  salt  of 
ammonia),  and  the  salts  (phosphates  of  potash,  soda,  lime,  and  mag- 
nesia), which  are  essential  constituents  of  its  cells.  It  is  only  recently 
that  the  conditions  under  which  the  yeast  plant  grows  have  been  ascer- 
tained, and  the  seeds  or  germs  from  which  it  originates  have  hitherto 
eluded  detection,  though  it  may  be  remarked  that  in  this  respect  it  only 
resembles  some  of  the  lower  mosses,  the  vegetable  character  of  which 
has  never  been  called  in  question. 

If  a  little  white  of  egg,  cheese,  or  a  piece  of  flesh  (all  of  which  con- 
tain carbon,  hydrogen/nitrogen,  oxygen,  and  phosphates),  be  placed  in 
a  solution  of  sugar,  and  allowed  to  undergo  decomposition,  a  gray  scum 
forms  upon  the  liquid,  which  is  seen  under  the  microscope  to  consist  of 
irregularly  oval  cells,  the  growth  of  which  may  be  watched  under  the 
microscope  in  a  little  of  the  liquid  from  which  they  were  obtained, 
when  they  will  be  found  to  multiply  rapidly  by  the  production  of  new 
cells  on  all  sides  of  them  (Fig.  289).  The 
same  cells  will  be  developed  very  rapidly  in 
the  sweet  wort  of  malt,  allowed  to  undergo 
decomposition  between  60°  and  70°  F. 

These  cells  contain  a  substance  somewhat 
resembling  albumen,  inclosed  in  a  thin  mem- 
brane, the  composition  of  which  is  similar  to 
that  of  cellulose.  They  also  contain  a  pecu- 
liar nitrogenized  body  resembling  diastase, 
and  capable  of  inducing  the  conversion  of 
cane-sugar  (C,2H220U)  into  grape-sugar  (C6 
H14O_).  Accordingly,  when  yeast  is  added 
to  a  solution  of  cane-sugar,  the  liquid  is 
found  to  increase  in  specific  gravity  (a  solu- 
tion of  cane-sugar  having  a  lower  density 

than  one  containing  an  equivalent  quantity  of  grape-sugar),  previously 
to  the  commencement  of  fermentation,  and  the  application  of  tests 
readily  proves  the  presence  of  grape-sugar  in  the  solution. 

The  grape-sugar  then  undergoes  the  decomposition  known  as  alco- 
holic fermentation,  which  results  in  the  production  of  alcohol,  carbonic 
acid,  lactic  acid,  succinic  acid,  glycerin,  and  a  peculiar  brown  soluble 
matter,  together  with  other  substances,  the  true  nature  of  which  is  yet 
undetermined.  The  fermentation  is  attended  with  a  considerable  eleva- 
tion of  temperature. 

Taking  into  consideration  only  the  alcohol  and  carbonic  acid,  which 
are  the  chief  products,  their  formation  from  grape-sugar  may  be  repre- 
sented by  the  equation : 

C6H1407    =     2C2H60     +     2C02    +     H20. 

Grape-sugar.  Alcohol. 

During  the  fermentation  the  yeast  cells,  are  gradually  broken  up,  so 
that  a  given  quantity  of  yeast  is  capable  of  fermenting  only  a  limited 
quantity  of  sugar.  On  an  average,  a  quantity  of  yeast  containing  be- 
tween two  or  three  parts  of  solid  matter  is  required  to  complete  the 
fermentation  of  100  parts  of  sugar.  The  solution  remaining  after  the 
fermentation  is  found  to  contain  salts  of  ammonia,  which  have  been 
formed  at  the  expense  of  the  nitrogen  of  the  yeast. 

If  the  liquid  in  which  the  yeast  excites  fermentation  contain  nitro- 
genized matters  and  phosphates,  the  yeast  plant  grows,  and  its  quantity 
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increases  ;  thus  in  the  sweet  wort  from  malt,  the  yeast  is  nourish.  .1  by 
ton  and  by  tli.-  phosphates,  so  thai  it  increases  to  six  or 

times  its  original  weight. 

<  ast  be  heated  to  the  boiling-point  of  water,  the  plant  i-  killed,  as 
might  be  expc<  loses  its  power  of  iixlnciim  alcoholic  f,-i; 

tion  ;  but  it  may  be  diird  at  a  low  temperatun  .  or  by  pressure,  without 
losing  its  f<  HIM  nt ing  power,  nn<l  •  //•/•</  yeast  is  an  article  of  • 
German  <lri«l  yeast  is  produced  in  the  fermentation  of  .akin:: 

Yeast  will  not  cause  fermentation  in  a  solution  containing  more  than 

one-fourth  of  its  weight  of  sugar,  an<l  the  fermentation  is  arrested  when 
the  alcohol  amounts  to  one-fifth  of  the  weight  of  the  liqni<l.  -••  that  tin 
strength  of  frrmented  liquors  could  never  exceed  i!  nt.  of  alco- 

hol. The  fermentation  is  also  arrested  by  the  mineral  arid-,  ami  by 
many  of  the  substances  to  which  antiseptic  properties  are  commonly 
attributed,  such  as  common  salt,  creosote,  corrosive  sublimate,  sulphur- 
ous acid,  turpentine,  Ac. 

In  the  fermentation  of  beer,  the  yeast  is  carried  up  to  the  -.nil., 
the  effervescence  due  to  the  escape  of  the  carbonic  acid,  ami  is  . 
ally  removed,  in  order  to  be  employed  for  the  fermentation  of  fresh 
<iuant ities  of  wort. 

When  the  fermentation  has  proceeded  to  the  required  extent,  the 
beer  is  stored  for  consumption. 

It  will  be  seen  that  the  chief  constituents  of  beer  are  the  alcohol,  the 
nitrogeni/ed  substance  derived  from  the  albuminous  matter  oi  the  bar- 
ley, and  not  consumed  in  the  growth  of  t  .  the  unaltered 
and  dextrine,  the   brown  or  yellow  coloring  matter  f.'imrd  during  the 
fermentation,  the  essential  oil  and  bitter  principle  of  the  hop. 

Beer  also  contains  acetic  acid  (formed  by  the  oxidation  of  the  alco- 
hol, p.  521),  free  carbonic  arid,  which  gives  its  sparklmi;  ohftl 
together  with  the  lactic  and  succinic  acids  and  glycerin.  !'« .rm»-«|  a- 
lary  products  of  the  fermentation,  and  ammoniacal  salts  dcri\<  d 
from  the  yeast.  The  soluble  mineral  substances  from  tin  bailey  are 
also  present,  wi //"/.-•  the  phosphates  abstracted  by  the  yeast. 

The  proportions  of  thr 'constituents,  of  course,  vary  greatly,  as  will 
be  seen  from  the  following  examples : 


Percentage  of 

*sr 

Ban's  Ale. 

BU  .T,.-  A!.' 

r.'*!'. 

H  ..: 

Alcohol,   
Acetic  acid  .                     .     . 

6.00 
1X90 

7.00 
0.18 

8.66 
0.12 

4.20 

6.00 
018 

Sugar  And  other  solid  i 

6.00 

4.80 

6.60 

6.40 

6.88 

(Off   of  p,,rt. -r  and    stout    is   caii-rd    by  the   addition  of  a 
which  ha-  posed  to  SO  hi^h   a  tein- 

:i   the    kiln  as  to  convert    a   portion   of  its   -ngnr  into  a  dark- 
brown  soluble   sub-'  i    that  alum    a: 
phate  •                           "  add. -I  .    ihrin  to  froth 
Strongly.      The   peculiar  aroma  of  bn-r  i-   probably  dm-  to   t! 

fragrant    •  Hiring    the 

ntation. 
In  some  cases,  when  the  operation  of  brewing  has  been  bad! 
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ducted,  the  beer  becomes  ropy,  or  undergoes  the  viscous  fermentation. 
In  this  case  the  sugar  suffers  a  peculiar  transformation,  resulting  in  the 
production  of  a  mucilaginous  substance  resembling  gum  in  its  composi- 
tion. This  change  may  be  induced  in  sugar  by  yeast  which  has  been 
boiled,  or  by  water  in  which  flour  or  rice  has  been  steeped.  White 
wine  occasionally  becomes  ropy  from  a  similar  cause,  but  red  wines  are 
not  liable  to  this  change,  apparently  because  the  tannin  which  they  con- 
tain has  precipitated  in  an  insoluble  form  the  ferment  which  induces  it. 
During  this  viscous  fermentation  a  part  of  the  sugar  is  often  converted 
into  maimite  (C6H1406). 

351.  ACETIFICATION — MANUFACTURE  OF  VINEGAR. — Beer  which  has 
become  sour  is  often  said  to  have  undergone  the  acetous  fermentation; 
but  this  is  not  strictly  correct,  the  change  being  more  similar  to  decay, 
since  it  is  one  in  which  the  oxygen  of  the  air  directly  takes  part.  The 
acidity  of  sour  beer  is  caused  by  the  acetic  acid  (C2H4O2)  formed  by 
the  action  of  atmospheric  oxygen  upon  the  alcohol,  according  to  the 
equation — 

C2H60  (Alcohol)      +       02      =       C2H402      (Acetic  Acid)      +       H20. 

Pure  alcohol  may  be  exposed  to  the  air,  either  alone  or  when  mixed 
with  water,  for  any  period,  without  suffering  oxidation  ;  but  when  in 
contact  with  certain  changeable  organic  substances,  the  alcohol  under- 
goes oxidation,  and  is  converted  into  acetic  acid.  It  is  upon  this 
circumstance  that  the  different  methods  of  producing  vinegar  are  based. 

The  most  direct  application  of  this  principle  is  made  in  the  so-called 
quick  vinegar  process  in  use  in  continental  countries  where  alcohol  is 
free  of  duty.  Alcohol  of  about  80  per  cent,  is  mixed  with  6  parts  of 
water,  and  with  about  ToVotu  Part  °f 
yeast,  or  some  other  alterable  substance  FlG-  29°- 

containing  nitrogen.  This  mixture  is 
heated  to  about  80°  F.,  and  caused  to 
trickle  slowly  from  pieces  of  cord  fixed 
in  a  perforated  shelf  over  a  quantity 
of  wood  shavings1  previously  soaked  in 
vinegar,  which  is  found  materially  to 
assist  the  acetification,  and  packed  in  a 
tall  cask  (Fig.  290),  in  which  holes  have 
been  drilled  in  order  to  allow  the 
entrance  of  air.  The  oxidation  of  the 
alcohol  soon  raises  the  temperature  to 
about  100°  F.,  which  occasions  a  free 
circulation  of  air  among  the  shavings. 
The  mixture  is  passed  three  or  four 

times  through  the  cask,  and  in  about  36  hours  the  conversion  into 
vinegar  is  completed.  The  oxidation  of  the  alcohol  in  this  process  is 
found  to  be  arrested  by  the  presence  of  essential  oils,  or  of  creasote, 
and  similar  antiseptic  substances. 

The  necessity  of  affording  a  full  supply  of  atmospheric  air  was  not 
appreciated  until  Liebig  had  proved  the  existence  of  an  intermediate 
stage  in  the  process,  consisting  in  a  partial  oxidation  of  the  alcohol  by 
which  it  became  converted  into  aldehyde  (C2H40),  an  extremely  volatile 

1  These  shavings  appear  to  favor  the  process  by  serving  as  points  of  attachment  for  a  microscopic 
vegetable,  which  encourages  the  oxidation  of  the  alcohol. 
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li«iuid  <boiiinur  at  70°  F.),  which  has  lost  in  tin-  f..nn  of  vapor,  thus 
greatly  diminishing  the  proportion  of  vinegar  obtained — 

r  II.O  undw)    4-    0    =    C,II40  uMrtyd.)    -f-    H,O. 

If  a  sufficient  .juantity  of  atmospheric  air  be  supplied,  tin-  production  of 
aldehyde  IN  entirely  a\ < -ided. 

\Yhite  \\iiM-  vinegar  is  prepared  in  I  "in  liu'ht  I  pro- 

cess of  much  longer  duration.  A  little  boiling  vinegar  is  poured  into  a 
cask,  partially  open  at  the  top.  together  witli  four  or  five  gallons  of 
\\ine  which  lias  been  allowed  to  t rickle  over  wood  shavings.  In  a 
few  days,  during  which  the  temperature  is  maintained  at  about  80°  F., 
a  fresh  quantity  of  win.-  i-  poured  in.  and  in  the  course  of  a  fortnight 
half  the  vinegar  contained  in  tin-  cask  is  drawn  otf,  ami  1  by  a 

fresh  portion  of  wine.  In  this  way  an  occasional  renewal  of  tin-  air  in 
the  upper  part  of  the  cask  is  provided  for.  The  acetilication  is  found 
to  proceed  moiv  rapidly  in  old  casks  than  in  new  ones,  which  i>  attributed 
to  the  presence  of  a  peculiar  conferva  deposited  upon  the  sides  of  the 
former,  ami  styled  ///••//»•/•  /.  It  is  probably  for  a  similar 

reason  that  the'acetification  is  promoted  by  the  addition  of  ready-made 
vinegar  at  the  commencement  of  the  process. 

In  this  country  vinegar  is  chiefly  prepared  from  malt,  the  infusion  of 
which  is  allowed  to  undergo  the  alcoholic  and  aretous  :  »n. 

Vinegar  contains  on  an  average  about  5  per  cent,  of  acetic  acid,  to- 
gether with  small  quantities  of  «-and  mineral  -  s,  vanin^ 
\vith  the  source  from  which  it  was  obtained.  Its  pleasant  aroma  i>  due 
to  the  presence  of  some  ac<  ( C,H4.C,HSO,)  formed  during  its 
manufacture.  The  vinegar  of  commerce  is  allowed  to  !•«•  mixed  with 
i  of  its  weight  of  sulphuric  acid  in  order  to  pn\ent  it  from  be- 
coming mouldy. 

BREAD. 

352.  The  chemistry  of  fermentation  is  intimately  OODIMOted    with  the 

ordinary  process  of  bread-making.    It  will  I.e  icmemlx-ied  that  u 

flour  (p.  513)  consists,  essentially,  of  .starch    and    uluten.  with    a   little 

dextrine  and  sugar.    <>n  mixing  the  flour  with  a  little  water,  it   \  ield>  a 

r/o»/»//j,  the  tenacity  of  which  is  due  to  the  gluten  present  in  the  tlonr. 

d«iii-_rh  l>e  tied  up  in  a  piece  of  line  muslin,  and  kneaded  under  a 

i,  the   .starch    will   be   suspended    in    the    v  I    will 

pass  through  the  muslin,  whilst  the  gluten    will   remain  as  a  very  ton^h 

elastic   mas-,  which   speedily  putrefies  if  exposed    to   the   air   in  a  moM 

state,  and  dries  up  to  a  brittle  horny  mass  at  the  temperature  of  l.oilin^ 

<  Mi    analysis,  gluten  is   found   to  contain  carhon,  :  .  nitrogen, 

and  oxygen,  in  proportions   which   may   U-   i-epre-.-ntcd    by   ti 
pirical    formula   (' .,1I,.N,.U.,   though    it    cannot    be    re-aided    as   a   -in-le 
>  iident  substance,  but  as  a  mixture  of  three  substances  \ei  \ 
I  in  compositi 

L|  boiled  with  alcohol,  Olie  portio: 

.    iV'.ni    Ux    re-.-nibl.-uiee    tO   the    -111 

forming  tin-  mu-.h  s  of  animals.      \Vln-n  the  snlution  in  ale. .hoi  is  allowed 

tO  C0<  -its  H  \\hitr   tloreiilelit    :  milartothe. 

wlii«-h  compos, 's  the  curd  of  milk.  <  hi  addin-  water  t«.  the  c««ld  alcoholic 
solution,  a  third  sni  1,  which  much  resembles 

the  albumen  found  so  abundantly  in  the  b. 
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The  presence  in  gluten  of  three  substances  similar  to  the  three  prin- 
cipal components  of  the  animal  body,  leads  us  to  form  a  high  opinion  of 
its  value  as  a  nutritive  compound.  But  gluten  itself,  separated  from  the 
flour  by  the  process  above  described,  would  be  found  very  difficult  of 
digestion,  on  account  of  its  resistance  to  the  solvent  action  of  the  fluids 
in  the  stomach ;  indeed,  the  dough  composed  of  flour  and  water  is  pro- 
verbially indigestible,  even  when  baked.  In  order  to  render  it  fit  for 
food,  it  must  be  rendered  spongy  or  porous,  so  as  to  expose  a  larger 
surface  to  the  action  of  the  digestive  fluids  of  the  body  ;  the  most  direct 
method  of  effecting  this  is  the  one  adopted  in  the  manufacture  of  aerated 
bread,  and  consists  in  mixing  the  flour  with  water  which  has  been  highly 
charged,  under  pressure,  with  carbonic  acid  gas ;  the  mixing  having 
been  effected  in  a  strong  closed  iron  vessel,  an  aperture  in  the  lower 
part  of  this  is  opened,  when  the  pressure  of  the  accumulated  gas  forces 
the  dough  out  into  the  air,  and  the  gas  which  had  been  imprisoned  in 
the  dough  expands,  conferring  great  porosity  and  sponginess  upon  the 
mass  in  its  attempt  to  escape.  In  another  process  for  preparing  unfer- 
mented  bread,  the  flour  is  mixed  with  a  little  bicarbonate  of  soda,  and  is 
then  made  into  a  dough  with  water  acidulated  with  hydrochloric  acid  ; 
the  latter  decomposing  the  bicarbonate  of  soda,  liberates  its  carbonic 
acid,  which  renders  the  bread  porous.  The  chloride  of  sodium  formed 
at  the  same  time  remains  in  the  bread.  In  the  preparation  of  cakes  and 
pastry,  the  same  object  is  sometimes  attained  by  adding  carbonate  of 
ammonia  to  the  dough  ;  when  heat  is  applied,  in  the  baking,  the  salt  is 
converted  into  vapor  which  distends  the  dough. 

In  the  common  process  of  bread-making,  however,  the  carbonic  acid 
destined  to  confer  sponginess  upon  the  dough  is  evolved  by  the  fer- 
mentation of  the  sugar  contained  in  the  flour ;  the  latter  having  been 
kneaded  with  the  proper  proportion  (usually  about  half  its  weight)  of 
water,  a  little  yeast  and  salt  are  added,  and  the  mixture  is  allowed  to 
stand  at  a  temperature  of  about  70°  F.  for  some  hours.  The  dough 
swells  or  rises  considerably  in  consequence  of  the  escape  of  carbonic 
acid,  the  sugar  being  decomposed  into  that  gas  and  alcohol,  as  in  ordi- 
nary fermentation.  The  spongy  dough  is  then  baked  in  an  oven,  heated 
to  about  500°  F.,  when  a  portion  of  the  water  and  the  whole  of  the  alco- 
hol are  expelled,  the  carbonic  acid  being  also  much  expanded  by  the 
heat,  and  the  porosity  of  the  bread  increased.  The  granules  of  starch 
are  much  altered  by  the  heat,  and  become  far  more  digestible.  Although 
the  temperature  of  the  inside  of  the  loaf  does  not  exceed  212°  F.,  the 
outer  portion  becomes  dry  and  hard,  the  hottest  part  being  even  torre- 
fied or  scorched  into  crust. 

Occasionally,  instead  of  yeast,  leaven  is  employed,  in  order  to  ferment 
the  sugar,  leaven  being  dough  which  has  been  left  in  a  warm  place  until 
decomposition  has  commenced. 

The  passage  of  new  into  stale  bread  does  not  depend,  as  was  formerly 
supposed,  upon  the  drying  of  the  bread  consequent  upon  its  exposure 
to  air,  but  is  a  true  molecular  transformation  which  takes  place  equally 
\vell  in  an  air-tight  vessel,  and  without  any  loss  of  weight.  It  is  well 
known  that  when  a  thick  slice  of  stale  bread  is  toasted,  which  dries  it 
still  further,  the  crumb  again  becomes  soft  and  spongy  as  in  new  bread; 
and  if  a  stale  loaf  be  again  placed  in  the  oven,  it  is  entirely  reconverted 
into  new  bread. 

Wheaten  flour  is  particularly  well  fitted  for  the  preparation  of  bread 
on  account  of  the  great  tenacity  of  its  gluten.  Next  to  wheat  in  this 
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raped  stand-  rye.  whilst  tin-  other  cereals 

-  impossible  to  convert  tin-in  into  -..,„!  i,: 
road  is  close  and  h<  re  ni/ed  matter  U  < 

present  in  the  form  of  albumen,  \\  •  s   not  vesiculate   like   uluten, 

durin_  :•  -illation. 

in  wheaten  Hour  the  tenacity  of  the  gluten  is  liable  to  variation. 
ainl  it.  bread    lV-.ni  :i   t!«ur  the  gluten  of  which  is 

1  is  customary  t«»  employ  a  minute   pi..| 

of  alum.    Tin-  addition  beiog  eoosidered  TO  wboleeome  bj  rsons, 

it  would  be  better  to  substitute   lime-water,  which  has  been  found   by 
a  similai  ^ulphate  of  copper  improve-  in 

ig  manner  the  quality  of  the  bread  prepared  rn.m  inferior  flour, 

but  this  salt  is  far  more  objectionable  than  alum. 

TMK  SUGARS. 

The  conversion  of  starch  into  grape-sugar,  when  heated  in  con- 

ith  diluted  acids  (p.  516),  is  taken  advantage  of  for  tin-  preparation 

of  this  variety  of  sugar  on  the  large  scale.     For  this  purpose,  water 

aci'lnlatc<l  with  ,,',,,111  of  sulphuric  acid  is  heated  to  ehnllition,  and  a  hot 

mixture  of  stared  and  water  allowed  to  flow  gradually  into  it,  so  as  not 

Miperature  below  the  boiling-point.     Tin-  mixture  i>  kept 

boiling  for  half  an  hour,  after  which  chalk  is  added  in  small  portions  at 

a  time  to  neutralize*  the  sulphuric  acid,  and  the  sulphate  of  lime  having 

been  allowed  to  subside,  the  clear  syrup  is  drawn  oil'.  and  eraporal 

the  crystallizing-point.     The  conversion  is  accelerated  by  heating  under 

with  steam  at  320°  F. 

The  -^rape-sugar  or  glucose  thus  manufactured  cannot  be  employed  as 
a  substitute  for  the  sugai  d  from  the  sugar-cane.  «m  account   of 

its  greatly  inferior  sweetening  power,  which  is  less  than  half  ih:r 
sessed  l>y  eane-sujrar.1     It  is,  moreover,  far  less  soluble  in  water.  1  part 
of  grape-sugar  requiring  1£  part  of  water  to  dissolve  it,  whiUt  cane- 
sugar  requires  only  £  part.    Grape-sugar  has  been  employed,  bof 
for  the  adulteration  of  cane-sugar  and  honey.     The  fraud  is  easily  de- 
in  cane-sugar  by  boiling  a  portion  of  the  sample  with  a   little 
solution  of  potash,  when  the  grape-sugar  is  decomposed,  an  d 
liquid  Intensely  brown,  pare  cane-sugar  giving  very  little  i.rown  e..i,»r 
unless  boiled  for  a  lnn«;  time.     A  more  delicate  mode  of  D  con- 

sists in  adding  to  a  solution  of  the  sugar  a  few  drop-  ,,f  solution 
phat<-  of  copper,  and  enough  solution  of  potash  to  form  an  inten-.-K 
blue  li.juid.     The  oxide  of  copper  is  not  precipitated  in  the  p 
either  of  the  sugars;  but  if  the  blue  liquid  be  very  gently  bemted, 

eofsnboxide  of  copper  wifl  wparate  if  grape-en 

whiUt  with  |.ii  re  cane-sugar  the  precipitation  does  not  tak.  pUoc  unless 
the  solution  is  boiled.  Sulphate  of  lime  \\ill  generally  be  detecti-.l  in 
sugai  >t*<l  \\ith  glucose. 

'id  grape-sugar  umh-r  the 
inMueiice  of  sulphuric  a 

:md  urradual!>  >d  with  11  pa.  i    -ulphuric 

-  levation  of  temperature,  it   is  converted  in  th« 
a  few  hour-    into   a    uummy  ma>-  \\  Inch   dissnh 
similn  When   the   cellulose  has  been    left  in  e..ntact    with 


1  M  -     '),.  i 
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the  acid  for  a  day  or  two,  it  should  be  dissolved  in  a  large  quantity  of 
water,  and  boiled  for  8  or  10  hours  in  order  to  effect  the  conversion  into 
sugar ;  the  acid  may  then  be  neutralized  with  chalk,  the  solution  filtered 
from  the  sulphate  of  lime,  and  evaporated,  when  it  furnishes  a  crystal- 
line mass  of  grape-sugar. 

Closely  connected  with  the  conversion  of  cellulose  into  dextrine  by 
contact  with  strong  sulphuric  acid,  is  that  very  remarkable  change  of 
paper  into  vegetable  parchment.  If  dry  white  blotting-paper  be  drawn 
through  a  cool  mixture  of  the  strongest  oil  of  vitriol  with  half  its  bulk 
of  water,  and  be  then  thoroughly  washed  in  a  large  volume  of  water,  it 
becomes  five  times  as  strong  as  before,  and  has  |ths  of  the  strength  of 
ordinary  animal  parchment.  The  parchment-paper,  when  dry,  is  found 
to  have  suffered  no  alteration  in  weight,  and  analysis  shows  its  composi- 
tion to  be  unchanged.  This  remarkable  increase  in  strength  must,  there- 
fore, be  referred  to  a  molecular  alteration.  The  paper  is  also  found  to 
have  become  almost  waterproof,  and  presents  a  somewhat  translucent 
appearance  like  paper  which  has  been  slightly  oiled.  It  receives  many 
useful  applications,  for  luggage  labels  which  are  not  easily  torn  or  re- 
moved by  rain,  and  as  a  substitute  for  animal  membrane  in  tying  over 
preserves,  &c. 

This  susceptibility  of  conversion  into  grape-sugar  possessed  by  starch 
and  cellulose,  affords  a  very  important  clue  in  tracing  the  changes  which 
take  place  in  living  vegetables.  It  has  been  already  seen  (p.  516)  that 
during  the  germination  of  seeds,  their  starch  is  converted  into  sugar,  in 
order  that  it  may  be  carried  in  a  soluble  form  to  the  extending  limbs 
of  the  vegetable  frame;  but  it  would  appear  that  in  these  parts,  where 
a  deposition  of  cellulose  is  required,  the  sugar  (C6HU0.)  is  reconverted 
into  that  substance  (C6H1005).  In  the  ripening  of  the  fruit,  however,  the 
ligneous  matter  and  the  starch  seem  to  be  again  converted  into  sugar, 
under  the  influence  of  the  vegetable  acids  which  unripe  fruits  contain. 

Strictly  speaking,  the  sugar  contained  in  ripe  fruits  and  in  new  honey 
is  not  grape-sugar  (C6H1407),  but  a  distinct  variety  of  sugar  known  as 
fruit  sugar  or  fructose,  and  having  the  composition  (C6H1206).  This 
sugar  has  also  been  designated,  in  reference  to  its  characteristic  feature, 
un  crystal Hz  able  sugar,  and  its  production  seems  to  constitute  an  interme- 
diate stage  in  the  transition  of  starch,  cellulose,  and  cane-sugar  into  grape- 
sugar.  Hence  it  is  found  that  if  the  ebullition  with  diluted  sulphuric 
acid  be  arrested  as  soon  as  the  liquid  becomes  sweet,  no  crystals  can  be 
obtained,  but  on  further  ebullition,  the  fructose  is  converted  into  crystal- 
lizable  glucose.  When  honey  is  kept  for  some  time,  the  fructose  grad- 
ually becomes  converted  into  a  crystalline  mass  of  glucose.  The  same 
change  is  seen  to  take  place  in  raisins,  which  contain  granules  of  glucose, 
though  the  fresh  grapes  contain  only  fructose. 

The  uncrystallizable  sugar  forms  the  chief  ingredient  of  molasses  and 
treacle,  for  although  the  fresh  juice  of  the  sugar-cane  contains  no  fructose, 
the  treatment  to  which  it  is  subjected  in  the  extraction  of  the  sugar  occa- 
sions a  copious  formation  of  the  uncrystallizable  sugar  at  the  expense  of 
the  cane-sugar.  The  simple  ebullition  of  a  solution  of  caue-sugar  for  a 
considerable  period  is  said  to  convert  a  portion  of  it  into  fructose,  and  if 
a  minute  quantity  of  any  uncombined  acid  be  present,  the  change  takes 
place  very  rapidly.  Pure  cane-sugar  dissolved  in  water  gradually  changes 
into  fructose  when  exposed  to  the  light. 

354.  Extraction  of  Cane-sugar.— In  the  extraction  of  sugar  from  the 
sugar-cane,  the  latter  is  cut  before  the  period  of  flowering,  when,  as  might 
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be  expected,  this  soluble  nutriment  of  tin-  plant  is  most  al>im<l:mt.      I 
:t  similar  reason,  the  canes  are  cut  off  close  to  the  ground.  *im •••  in  the 
higher  joints  of  the  cane  much  of  the  sugar  has  already  been  consumed 

forth  ••pun-lit. 

A  specimen  of  sugar-cane  fr<>m  Martinique  was  found  to  contain — 

.         .  flO.l 

Woody  fibre, 9.9 

100.0 

So  that,  theoretically,  100  parts  of  cane  should  yield  as  much  as  90  parts 
of  juice.  The  canes  are  crushed  between  iron  cylinders,  which  e\| •!•••--. 
the  best  arrangements,  only  65  parts  of  juice  from  100  of  cane.  1 1 
has  been  found  possible  to  increase  tin-  yield  by  steaming  the  canes  bef.. re 
submitting  them  to  a  final  pressure.  TbeJaiOfl  thus  expressed  contains 
about  18  per  cent,  of  sugar,  together  with  the  usual  components  of  the 
sap  of  plants,  such  as  vegetable  acids,  albumen,  salts.  A 

In  the  tropical  climate  in  which  the  extraction  is  conducted,  the  albu- 
men of  the  juice  speedily  alters  when  exposed  to  the  air,  and  « 
fermentation  in  the  sugar,  by  which  a  considerable  quantity  would  In- 
lost.  If  the  fresh  juice  were  heated  to  coagulate  the  albumen,  the  tree 
acid  contained  in  it  would  change  a  portion  of  the  sugar  into  the  uncrvs- 
tallizable  variety.  To  avoid  this,  the  jni< •••  is  mixed  with  J,,,th  part  of 
slaked  lime,  and  is  then  heated  to  140°  F.  in  large  flat  copper  pans.  The 
coagulated  albumen  rises  to  the  surface  of  the  heavy  -yrup.  and  t  .mi-  a 
thick  scum,  which  is  taken  off,  and  t lie  clear  syrup  i'-  evaporated  till  it  is 
strong  enough  to  crystalli/.e.  when  it  is  run  off  into  shallow  wooden  rats, 

an<l  allowed  tocool  for  twenty-four  hours.  \Yln-n  bri-kl\  -tirredit  congeals 
to  a  semi-solid  mass  of  crystals,  which  are  allowed  to  drain  for  three  weeks 
in  casks  with  perforated  bottoms.  The  raw  sugar  thus  obtained, 
drying  in  thesun,  is  sent  into  commerce,  the  draining  b«  in-^styh  d  molas- 
ses  or  treacle.  The  weight  of  raw  sugar  seldom  exceeds  ^th  of  the  juice, 
that  is,  about  half  the  quantity  which  the  juice  is  known  to  contain,  the 
remainder  having  been  converted  into  uner\  stalli/able  sugar  during  the 
process  of  extraction.  The  loss  is  found  to  be  materially  diminished  by 
the  use  of  uaruum  pans,  in  which  the  evaporation  of  the  syrup  is  con- 
ducted under  diminished  pressure,  and  therefore  at  a  lower  temperature. 
Greater  economy  is  also  introduced  into  the  maniifai -tun-  by  the  use  of 
ished  canes  as  fuel  for  the  evaporating  tire-,  and  by  restoring  their 
ashes  to  the  land  as  food  for  ensuing  crops.  The  skimmings  of  the  <  lai  i 
fled  juice  are  also  advantageously  used  as  manure. 

raw  sugar  obtained  by  the  process  just  des( -rihed  contains  about 
60  percent  of  pure  cane-sugar,  the  remainder  consisting  of  water,  nn- 
llizable  sugar,  coloring  matter,  and  various  salts  and  other  foreign 
substances  derived  from  the  eane-juice. 

In  tl rdinary  process  of  ;.  two  or  three  parts   ,,f  raw 

sugar  are  dissolved  in  on,-  part  of  water  containing  a  little  lime  in  solu- 
tion,and  mixed  with  three  or  four  parts  of  ground  boiie-blaek  I<T 

•  d  of  sugar;  a  small  quantity  of  serum  of  bullock's  blood  is  also 
sometimes   added.      This    mixture  i-  healed    by    the    pa--aure    of 
through  it,  when  the  albumen    ,,f  the  serum    i>"  eoa^uiated.  and    r 

the  surface  in  the  form  of  a  scum  which  entaagtotitt  floating  imparities 

as   Well   as   the   bone-bhick,  and  leaves  the  syrup  much  lighter   in   color, 
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a  considerable  part  of  the  coloring  matter  having  been  removed  by  the 
charcoal. 

The  syrup  is  then  filtered  through  a  thick  la^yer  of  coarsely  powdered 
bone-black,  and  is  thus  rendered  perfectly  colorless  and  ready  for  evap- 
oration, which  is  conducted  in  a  boiler  with  double  sides,  so  that  it  may 
be  heated  by  steam  admitted  between  the  two,  and  furnished  with  a 
dome  from  which  the  air  may  be  exhausted  in  order  to  allow  the  evapo- 
ration to  be  conducted  at  a  lower  temperature,  as  well  as  out  of  contact 
with  the  atmospheric  oxygen,  so  as  to  diminish  as  far  as  possible  the 
production  of  uncrystallizable  sugar.  The  boiling  down  of  the  syrup, 
which  would  require  a  temperature  of  230°  F.  at  the  ordinary  pressure, 
may  thus  be  conducted  at  1(50°  F.  When  sufficiently  evaporated,1  the 
syrup  is  transferred  to  a  heated  vat,  where  it  is  stirred  until  a  confused 
crystallization  commences,  and  is  then  drawn  off  into  inverted  sugar- 
loaf  moulds  of  iron  or  earthenware,  and  allowed  to  crystallize  during 
about  twenty  hours.  The  crystalline  mass  is  then  allowed  to  drain  by 
the  withdrawal  of  a  plug  at  the  apex  of  the  inverted  cone,  and  is  washed 
with  a  little  pure  syrup  to  remove  adhering  coloring  matter,  after  which 
the  loaf  is  dried  in  an  oven  and  finished  by  turning  in  a  lathe. 

The  operation  of  washing  with  syrup  is  often  referred  to  as  claying, 
being  sometimes  effected  by  placing  some  powdered  sugar  upon  the  base 
of  each  loaf,  and  over  this  a  cream  of  pure  pipe-clay,  the  water  draining 
from  which  dissolves  the  powdered  sugar,  and  the  syrup  thus  formed 
washes  the  loaf.  The  object  of  the  clay  appears  to  be  simply  to  allow 
the  water  to  flow  gradually  through  the  sugar. 

The  process  of  refining  is  sometimes  shortened  by  washing  the  raw 
sugar  with  strong  syrup,  so  as  to  remove  the  bulk  of  the  impurities  at 
the  commencement,  and  a  very  ingenious  method,  known  as  the  centrif- 
ucjal  process,  has  been  devised  for  separating  the  syrup  from  the  sugar 
thus  washed.  The  pasty  mixture  of  sugar  and  syrup  is  introduced  into 
a  cylinder  of  strong  close  metallic  gauze,  which  is  rapidly  turned  upon 
its  axis,  when  the  liquid  syrup  of  course  flies  off  through  the  apertures 
of  the  gauze,  and  is  collected  by  a  box  surrounding  the  cylinder.  A 
fresh  quantity  of  syrup  is  then  introduced,  and  separated  in  the  same 
manner,  so  that  the  washing  may  be  rapidly  carried  as  far  as  may  be 
deemed  expedient. 

355.  During  the  wars  of  Napoleon,  when  the  importation  of  sugar  into 
France  was  suspended,  this  substance  was  extracted  from  the  beet-root, 
and  this  process  still  forms  a  very  important  branch  of  French  industry. 

The  white  beet  only  is  emplo}red,  on  account  of  the  difficulty  of  sepa- 
rating the  coloring  matter  existing  in  the  juice  of  the  red  variety.  The 
juice  contains  about  ten  per  cent,  of  cane-sugar,  half  of  which  only  is 
usually  obtained  in  the  crystallized  state.  The  process  adopted  for  ex- 
tracting it  does  not  differ  in  principle  from  that  applied  to  the  juice  of 
the  sugar-cane. 

Cane-sugar  is  also  extracted  in  the  United  States  from  the  sap  of  the 
sugar-maple,  which  is  collected,  usually  in  the  spring,  from  deep  in- 
cisions through  the  bark,  into  each  of  which  a  pipe  of  reed  or  elder  is 
inserted  to  conduct  the  juice  into  pans  placed  for  its  reception,  whence 
it  is  removed  before  it  has  had  time  to  become  changed  by  fermentation. 

1  The  state  of  concentration  of  the  syrup  is  known  by  the  degree  of  viscidity  which  it  exhibits  be- 
tween the  finger  and  thumb,  by  the  length  of  the  thread  to  which  it  may  be  drawn,  and  by  the  mode 
in  which  this  curls  after  breaking. 
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is  evaporated  rapidly,  and  the  raw  crystalline  mass  sold  with- 
out  nmli. T   n-tining.     On   an   average,  each   tin-   turni 

ids  Of  BU^ar   .lining  tin-  ^-:i~ 

;-ts  limply  of  Urge  rhoml>oid:il  |>ri-m:it  ir 

>iiurar  dr|M.xitrd    ujx-ii  strini,"»  -trrtrln-d    ru-ro-,..   efJttelHlteg  tRHIghs,  fa 
h  a  strong  -\  nip  is  slowly  evaporated  at  about  170     I  . 

•ij.nnitin-j  tin- M  mp  beyond  th. 
talli/ini:  point,  till  it  solidities,  on  cooling,  to  a  vitreous  mass,  wh 

•  on  a  cold  surface  and  manipulated   to  the   rr.jni-ii.-  r-nn-. 
\Vhni  k.  |.t    for  •.onu- tii  ansparent  barley-sugar  become-* 
tallilM-  :ind  Dpi 

Car"  I  I,8Ot)  is  a  dark-brown  substance  produced  by  t  h.  n.-t  i«  »n 

of  a  temperature  of  about  400°  F.  upon  melted  sugar.     It  is  VITV  soluM.- 
in  wntrr.  and  "jivrs  an   intensely  brown   liquid,  tor  which  reason   il   is 
>\<-d  for  coloring  sauces,  gravies,  brandy,  wines,  Ac, 

866.  Chemical  Properties  of  the  Sugar*. — Although  cane-  and  grape-sugar  aj 
be  essentially  in.lirt.  ront  substances,  they  are  remarkably  prone  to  form  cotnl.ina- 
lions  with  many  I  lie  oxides.    Thus  a  solution  of  cane-sugar  is  capable  of 

dissolving  a  largo  <ju:mtit\  -.f  lim«-,  forming  a  compound  (CaO.CjjlI-O,,)  which  i- 
innch  more  soluble  in  cold  than  in  hot  water,  so  that  on  boiling  the  transparent 
solution  it  I.  it  resumes  its  transpar  -.ling.  Thi* 

has  been  applied  for  -  rvstallizable  sugar  from  molasses,  the  com- 

pound of  sugar  and  lime  precipitated  by  bo  ^  redissolved  in  cold  water 

ami  tn-iit«-.l  with  carbonic  acid  to  separate  the  lime. 

On  boiling  tin-  hydrated  oxide  of  lead  with  a  solution  of  sugar,  it  is  dissolved, 

and  as  th*  ...lmi..n  ",-.... u,  H  uhiti>  powder  is  deposited,  which  has  the  composition 

•  uHjgtyHjO,  the  w«it  \pelled  at  a  temperature  of  '212°.     The  oom- 

md  would  leud  to  the  beli<-t  that  ranc-sugar  < 
•itntional  water,  and  that  it>  formula  should  bo  wrir 
.lly  h«-ating  cane-su^ 

•  1,  and  if  thi-  ln>  furtln-r  h«-at«-<l   it  yields  C',,11,,,0,*,  .- 
solution  containing  1  part  of  salt  and  4  parts  of  sugar  is  allowed  to  evaporav 

ly,  it  deposits  a  deliquescent  con 

Many  metallic  oxides  form  compounds  with  sugar,  wnich  are  : 
alkaline  liquids,  so  that  th*-  a.l'lition  of  sugar  to  solutions  of  the  oxides  of 
and  iron,  for  example,  prevents  the  precipitation  of  these  oxides  by  the  alk:t 
Grape-sugar  also  combines  with  many  bases.     The  compounds  which   i 
with  the  alkalies  are  very  unstable,  and  their  solutions,  \vhi<  h  an-  at  Mr-:  :tlkalim>, 
soon  become  n«-utral   in  consequence  of  the  conversion   of  the  grape-sugar  into 
ylucic  acid  ( H,C,,H,5Ot)  by  the  lots  of  the  elements  of  water. 

By  saturating  a  .-»lution  of  grape-sugar  with  common  salt,  a  liqui  1 

deposits  well-defined  crystal  the  composition  2(CC 1 1  II" 

•  Iried  at  21.  u*-s  2(<LH.,O,).NaCl.  formula  of  ^rape-sugar 

>t  be  dissolved  in  hot  strong  alcoh.  : 
solves  far  more  grape-sugar  than  cane-sugar)  it  crystallizes 

have  the  formula  r,II,  Or     A  molecule  of  water  may  also  be  t>\ 
ordinary  g^rape-sugar  at  L'12°  F. 

The  action  of  sulphuric  acid  ujmn  cane- and  grape  sugar  is  v.  nt;  tlio 

/.*-d  and  completely  decomposed,  whilst  the  latt 
iiuric  acid  to  form  sulphoaaccharic  acid,  which  yields  soluble  salts  with  lim<> 

I  properties  o/  solutions  of  the  sugars  are  now  < 

for  th.  ir  id«-ntitication,  and  even  for  the  determination  <>t  tli>-ir  .jujintiti.-.     - 
sugar  and  cane-sugar  both  rotate  the  plane  of  polarization  of  a  ray  from   l.-t't  to 
right,  cane-sugar  navit  .    m..r<-    j.ow.-rt'ul  action,  1, ut    tl.  !i/.al>l>- 

.gar  rotates  the  plane  in  the  opposite  din -. -tion.  : 
tion  of  cane-sugar,  possessing  the  rotatory  power  >  right,  be  heated  with 


a  l.ltt.-r.  fnHmot,  oily  »ut»unce,  has  been  obUloed  \>j  acting  upon  grmp»«agar 
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hydrochloric  acid,  it  acquires  the  power  of  rotating  the  plane  of  polarization  from 
right  to  left,  in  consequence  of  the  conversion  into  uncrystallizable  sugar. 

Starch-sugar  exhibits  three  different  modes  of  action  upon  polarized  light,  for  a 
solution  which  has  been  -kept  some  hours  rotates  the  plane  of  polarization  only  half 
as  much  as  the  freshly-made  solution  ;  and  if  the  sugar  prepared  from  malt  be  dis- 
solved in  water,  the  solution  has  thrice  the  rotatory  power  which  it  possesses  after 
being  kept,  and  its  rotatory  power  is  one-third  higher  than  that  of  the  freshly-dis- 
solved starch  sugar.  All  these  may  be  reduced  at  once  to  the  lowest  rotatory  power 
by  heating  them  nearly  to  ebullition  and  allowing  them  to  cool. 

357.  Mannite  (C6H14O6),  the  sweet  principle  of  manna  (the  concrete  juice  of  the 
Fraxinus  ornus),  has  already  been  noticed  as  one  of  the  products  of  that  peculiar 
kind  of  fermentation,  known  as  the  viscous,  to  which  beet-root  juice  is  especially 
liable.  It  is  also  found  in  certain  mushrooms,  in  sea-weeds,  celery,  asparagus,  and 
onions.  By  treating  manna  with  hot  alcohol,  and  allowing  the  filtered  solution  to 
cool,  the  mannite  may  be  obtained  in  beautiful  prismatic  crystals,  which  have  a 
sweet  taste,  and  dissolve  readily  in  water.  Mannite  differs  widely  from  cane-  and 
grape-sugar  in  not  fermenting  when  placed  in  contact  with  yeast;  and  this  circum- 
stance, taken  in  conjunction  with  its  composition,  which  differs  so  much  from  that 
of  other  members  of  the  saccharine  group,  has  always  led  to  the  belief  that  it  was 
not  properly  classed  among  these. 

Kecent  investigations  have  given  it  a  place  by  the  side  of  glycerin,  the  sweet 
principle  of  fats  and  oils,  as  will  be  seen  hereafter. 

Glycyrrhizine,  the  sweet  principle  of  the  liquorice  root,  somewhat  resembles  man- 
nite, but  does  not  crystallize. 
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358.  Starch,  the  sugars,  and  cellulose,  when  acted  on  by  the  strongest 
nitric  acid,  furnish  compounds  which  are  remarkable  for  their  explosive 
character,  and  are  formed  by  the  substitution  of  nitric  peroxide  (N02) 
for  a  portion  of  the  hydrogen.  By  far  the  most  important  of  these  is 
pyroxyline  (xop,  firer  £uAw,  wood),  which  is  produced  by  the  action  of 
nitric  acid  upon  the  different  forms  of  woody  fibre,  including  wood, 
cotton,  and  paper. 

If  a  piece  of  white  unsized  paper  (filter-paper)  be  soaked  for  a  few 
minutes  in  the  strongest  nitric  acid  (sp.  gr.  1.52),  then  washed  in  a  large 
volume  of  water  and  allowed  to  dry,  it  will  be  found  to  have  suffered 
little  alteration  in  appearance  or  texture,  but  to  have  acquired  the  prop- 
erty of  burning  with  almost  explosive  violence  on  the  application  of  a 
flame  or  even  of  a  moderately  heated  glass  rod.  This  is  due  to  the 
presence,  in  the  altered  paper,  of  a  quantity  of  oxygen  in  the  form  of 
N0a  (nitric  peroxide),  which  serves  to  burn  up  the  paper  very  rapidly, 
rendering  it  in  great  measure  independent  of  any  extraneous  supply  of 
oxygen.  The  NO2  has  been  introduced  into  the  paper  in  the  place  of  an 
equivalent  quantity  of  hydrogen,  which  has  been  converted  into  water 
by  the  third  atom  of  oxygen  in  the  nitric  acid  (HN03). 

The  pyroxyline  so  obtained,  however,  is  always  associated  with  a 
quantit}r  of  unaltered  paper,  for  the  water  which  is  formed  by  the  oxida- 
tion of  the  hydrogen,  dilutes  the  remaining  nitric  acid,  so  that  unless  a 
very  large  proportion  of  nitric  acid  were  employed,  the  acid  would 
become  so  far  weakened  towards  the  close  of  the  operation  as  to  be  in- 
capable of  converting  the  last  portions  of  paper  into  p}Toxyline.  More- 
over, since  each  fibre  composing  the  paper  is  a  very  minute  tube,  often 
folded  several  times,  it  is  not  possible  for  the  nitric  acid  to  penetrate 
its  entire  substance  unless  the  paper  be  soaked  in  it  for  a  long  time. 

In  order  to  effect  a  more  complete  conversion  of  the  wood}7  fibre  into 
pyroxyline,  the  nitric  acid  must  be  mixed  with  strong  sulphuric  acid, 
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wliirh  \\ill   coniliim-  with  tin-  wat.  1  l.y  lh«-  f  tin-  nitric 

i-Mii  tin-  hydrogen  -  P6,  :in«l  will  thu->  virtually  iii:iiii1:iin  the 

nitric  :»«•!«!  at  its  greatest  strength  throughout  tin-  «.j,n  •  otton- 

wool,  IVi.ui  :!.«•  looseness  of  its  '  -  more  c:i  i   into 

pyroxylin.-  than  paper. 

'  o  rocommended  for  the  preparation  »f  ur,n -cotton 
on  a  small  scale:  Dry  1000  grain*  of  pur.-  nitn 

place  it  in  a  dr\ 
upon  it  10 drms.  (by  t» 
sulphuric  acid,  and  distil  until  fl 
of  nitric  uci-1  have  pasted  <>\ 

Dry  some  j 

and  weigh  out  30  grains  - 
2}  measured  drachms  of  the  nitric  acid 
with  an  equal  volume  of  strong  sul- 
phuric acid  in  a  small  beaker.     A 
the  mixture  to  «  rue  the  cot- 

tqn-wool,  pressing  it  <l..wn  with  a  glass 
rod,  cover  the   beaker  with   a  glass 
plate,  and  set  it  aside  for  i 
utes.     Lift  the  cotton  out  with  a  glass 

:hr«.w   it    into  at    l«-:i»t    u    ; 

water,  and  wash  it  thoroughly  in  a  stream  of  water  till  it  no  longer  tastes  acid  or 
MU--  litinu'-p.  xposure  to  air  or  at  a  very  mode- 

rate 1. 

Very  great  attention  has  been  paid  to  the  manufacture  of  gnu 
•  luring  the  last  few  years,  with  the  object  of  producing  a  perfectly  uniform 
{inxltM  t.  which  might  be  « inploycd  as  a  substitute  for  gunpowder, 
following  is  an  outline  of  the  process  now  generally  adopt* 
the  production  of  large  quantities  of  gun-cotton  by  Abel's  process : 

869    Manufarturf  <>f  <i»n-Cotton.—  Tl  employed  in  the  form  of  the  waste 

cut  tin..  >n  waste). 

•ti»ns  in  wlii.-h  it  is  found  most  advantageous  to  mix  th«>  nitr 
-ulphuric  acids  are  1  part  of  nitric  acid  (sp.  gr.  1  •"••-'    .-md  3  parts  by  weight 
of  sulphuric  acid  (sp.  gr.  1.84).     These  ; 

m-  with  tups,  and  allowed  to  run  simultni 
in  slow  strcnmo,  into  ai  1  with  u  t  <>n  lid, 

li  a  second  opening,  in  which  an  in-:  .-iiiployi-d  t«»  mix  ti. 

thoroughly.     The  mixture  is  set  aside  for  several  hour*  to  beconi- 

\ed  acids  is  drawn  <-tt  into  H  deep  stoneware  pan  standing  in 
!i  a  pcrt'oi:,  .;.on  which 

Md.  11   little   nt   a   tun«-.   in   th«-   u> 
•Kites  with  nn  ir  I 

unon  t  ,M.l  the  excess  of  acid  squeezed  out  tirnr. 

:  :iwn  tr..in  lh«-   .  |.lac«-  that 

md  more  cotton  is  in-at- -I  in  th*-  >ai 

-  produced  \>\  t;  !  uj.on  tli-  ••••tton.  it  i- 

nece*  .led  with  <•,.!,! 

i«doubtleas  conv.-rt.-.l   into  ^un-cotton  in  tl  n  in  tin- 

rder  to  c<  :  necessary 

with  tin-  nt-id  for  u  niu'-h  I-HU'-T  period,  H<»  as  ti 

'ted  tubes  of  the  fibre.     Tin-  j.n-- 
.  ith  the 

,,,ul<l  n-.t  }.-  .,,  M'octed  if  K  n^  W.T.-  thr-un  at  on<-.- 

into  a  jar,  a  .•;  the  great  :   heat  wl>i<-h  wmil'l  • 

the  er  --d  to  take  place  upon  a  nu ml.,  r 

the  fan  M -at  evolved  .luring  i  ho  subsequent  soa 

is  c<  ill. 

1  to  n  jnr  u  rittinj;  <-o\ . 

weight  of  th.-  c..tt.",n  wil.  .  i<»seness  with 
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which  the  skeins  are  packed  in  the  jar.     The  jar  is  placed  in  cold  water,  and  the 
cotton  allowed  to  remain  in  the  acid  for  24  hours. 

The  skeins  are  then  removed,  with  the  aid  of  an  iron  hook,  to  a  centrifugal  ex- 
tractor, which  is  a  cylinder  made  of  iron  or  copper  gauze,  through  which  the  liquid 
is  whirled  out  by  the  rapid  rotation  of  the  cylinder  upon  an  axle.  In  this  they  are 
whirled,  at  first  slowly,  and  afterwards  at  800  revolutions  per  minute,  during  ten 
minutes,  when  the  bulk  of  the  acid  is  separated.  In  order  to  wash  away  the  re- 
mainder of  the  acid,  the  cotton  is  plunged,  suddenly,  in  very  small  portions,  into  a 
large  volume  of  water  ;  for  if  the  water  were  allowed  to  ccme  slowly  into  contact 
with  the  mixed  acids,  so  much  heat  would  be  evolved  as  to  decompose  a  portion  of 
the  pyroxyline.  The  cotton  is  then  drained  in  the  centrifugal  extractor,  and  again 
rinsed  in  much  water.  After  two  or  three  rinsings  it  is  reduced  to  pulp  in  a  rag- 
engine  such  as  is  employed  in  paper-mills.  The  pulp  is  thoroughly  washed  by  being 
well  stirred  up  by  a  poaching-engine  for  about  48  hours  in  a  stream  of  warm  water,  so  as 
to  remove  every  trace  of  acid,  which  is  assisted  by  rendering  the  water  alkaline  with 
a  little  lime  or  carbonate  of  soda.  The  pulp  is  then  drained,  moulded  into  disks  or 
any  other  required  form,  condensed  by  hydraulic  pressure  until  it  has  about  the 
same  specific  gravity  as  water,  and  dried  upon  heated  plates.  As  it  leaves  the  hy- 
draulic press,  the  cotton  contains  about  one-fifth  of  its  weight  of  water,  so  that  it 
may,  if  required,  be  cut  up  or  bored  without  danger  of  explosion. 

360.  Chemical  Composition  of  Gun- Cotton. — Perfectly  pure  gun-cotton 
contains  carbon,  hydrogen,  nitrogen,  and  oxygen,  in  proportions  which 
correspond  to  the  empirical  formula  C6H7N3On.  The  determination  of 
its  rational  formula  is  attended  with  difficulty,  because,  being  an  indif- 
ferent substance,  it  does  not  form  definite  combinations  with  other  bodies 
of  known  molecular  weight,  and  it  is,  of  course,  impossible  to  arrive  at 
its  volume  in  the  state  of  vapor,  which  so  frequently  affords  valuable 
assistance  in  fixing  a  rational  formula.  Having  regard  to  the  mode  of 
its  formation  from  cellulose  (cotton),  C6H100.,  by  the  action  of  nitric 
acid,  without  evolution  of  gas,  the  most  probable  rational  formula  ap- 
pears to  be  C6H7(NO,)305,  which  represents  it  as  trinitrocellulove,  or 
cellulose  in  which  three  molecules  of  nitric  peroxide  have  been  substi- 
tuted for  three  atoms  of  h}Tdrogen.  The  action  of  nitric  acid  upon  the 
cotton  would  then  be  represented  by  the  equation — 

C6H1005  +  3(HNO)3  =  C6H7(N0.2)305  +  3H20. 

Cellulose.  Trinitrocellulose. 

According  to  this  equation,  100  Ibs.  of  cotton  should  furnish  183  Ibs. 
of  gun-cotton  ;  but  in  practice  only  about  177  Ibs.  are  obtained,  a  part 
of  the  deficiency  being  accounted  for  by  unavoidable  mechanical  loss, 
and  by  small  quantities  of  foreign  matters  dissolved  out  by  the  acids. 

That  the  nitrogen  is  really  present  in  the  gun-cotton  in  the  form  of 
nitric  peroxide  (N02),  as  implied  in  the  above  formula,  is  indicated  by 
the  action  of  potash,  which  dissolves  the  gun-cotton,  and  yields  a  solu- 
tion containing  nitrate  and  nitrite  of  potash,  exactly  the  products  which 
are  formed  by  the  action  of  potash  upon  nitric  peroxide  (p.  174). 

Another  reaction  of  gun-cotton  which  supports  the  above  view  of  its 
constitution,  is  that  with  hydrosulphate  of  potassium.  If  some  hydrate 
of  potash  be  dissolved  in  alcohol,  and  the  solution  saturated  with  gase- 
ous li3Tlrosulphuric  acid,  an  alcoholic  solution  of  hydrosulphate  of  po- 
tassium (KHS)  is  obtained ;  and  if  the  gun-cotton  be  immersed  in  this 
solution,  and  gently  heated,  it  will  be  rapidly  reconverted  into  ordinary 
cotton,  and  nitrite  of  potash  will  be  found  in  the  solution — 

C6H7(N02)305  +  3(KHS)  =  C6H10O5  +'  3(KN02)  +  S3. 

Trinitrocellulose.  Cellulose. 

This  is  the  so-called  synthetical  method  of  determining  the  composi- 
tion of  gun-cotton,  for  of  course  183  parts  of  the  latter  should  furnish 
100  parts  of  cotton. 
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(  'utton.  —  From  what  has 

with   roped   t.»  tin-   plodllcN  of  explosion  of  glinpowdc' 

1  that  tho^e  furni-hed  l-y  irun-cotton  \v..nl«l  \: 

I  under  \\hidi  tin-  explosion 

a  mass  of  the  gun-cotton  wool  is  exploded  in  an   un<  <.ntin<  .1  .state,  the 

-ion  is  comparatively  slow  (though  a|  to  tin*  eye  almost  in- 

.neous).  sin,-,-    each  particle   is   tired  |.\   t  In-   tlame  of  that    immedi- 

ately adj-Miiim:  it,  tin-  heated  gas  (or  flame)  escaping  outwards,  so  that 

some  time  elapses  l>ef"iv  tin*  interior  of  the  mass  is  i-nited.     I'.ut  \\h.-n 

the  gun-cotton  i-  incl..s,-d  in  a  strong  case,  so  that  tin-  tlame  from  tin- 

portion  first  ignited  is  unable  to  escape  outwards,  and  must  spread  into 

the  interior  of  the  mass,  this  is  ignited  simultaneously  at  a  great  num- 

ber of  points,  and  the  decomposition  takes  place  far  more  rapidly  .  a 

weight  of  cotton  being  thus  consumed  in  a  much  shorter  time,  a 

far  higher  temperature  is  produced,  and  the  ultimate  results  of  the  ex- 

plosion are  much  less  complex,  as  would  be  expected  from  the  well-known 

simplifying  effect  of  high  temperatures  upon  chemical  compounds. 

If  a  tuft  of  gun-cotton  wool  be  placed  at  the  bottom  of  a  tall  glaM  oylin-i 
inflamed  by  a  heated  wire,  it  will  be  seen  that,  immediately  after  the  explo- 
gas  within   the  cylinder  is  colorless,  but  it  soon  become*  red,  showing  that  nitric 
oxide  was  present  among  the  products,  and  became  converted  into  nitrous  »• 
nitric-  peroxide  by  tin-  oxygen  of  the  air.     Of  o.ur-.-  these  are  strongly  acid,  ami 
hence  the  acid  diameter  of  the  moisture  deposited  in  the  barrel  of  a  fowlii. 
in  \\hifh  ^un-cotton  cartridges  are  employed.     In  order  to  avoid  corrosion 

necessary  that  it  should  be  cleaned  at  the  end  of  the  day's  shooting. 

A  littlo  hydrocyanic  acid  can  be  detected  among  the  products  of  combu> 
loose  gun-cott<>n. 

The  determination  of  the  prod  nets  of  explosion  of  confined  gun-cotton 
has  been  effected  l»y  Kan.lyi  in  the  same  manner  as  in  the  case  of  gun- 
powder (see  p.  452),  I'.v  inclosing  the  crtton  in  a  ca»t-iron  cylinder. 
strong  enough  to  resi>t  hur>tini;  until  the  romln^tioii  of  the  last  portion 
of  the  charge,  which  was  suspended  in  an  iron  globe  exhausted  of  air, 

Cpioded   I'V  the    galvanic   battery  :   the   total  volume  of  tin-   gases 
collected  in  the  globe  was  then    determined  and   -ul.j.  •.-!,-!  to    aBfl 

niouiit  of  gun-cotton  fired  was  about  150  grains,     rnfortunat.  -ly, 
the  formula  given  for  the  samph-  of  ^mi-cotton  t-xpiTimentcd  o;, 
not  ivpre-ent  the    trinitrocellido^c  which    constitutes   pure    urun-cotton. 
being  <     II    \  <•  .  Instead  of  <     I!    \,On  (representing  _  des  of 

.1  the  diilicult;,  ijjthe  exact  ultimate  ai. 

of  gun-cotton  is  so  great,  that  there  is  greater  probability  of  tin  anah  ill 
being  i  'imposition  of  the  cotton  having  n-ally  dif- 

niaterially  from  that  of  t  rinitr-'eellulose.      100  grains  of  ^un 
gave   a   «|iiantity  of  a«|U«-ou>  \ap«-r    ai.  M  pi-o(luct>,  calculated  to 

.     '  60.8°  F.  an-1  •_".'.  or,  in.  I  5  cul.ic  im-he«».  Mippo^in^  the 

•o  iem:iin  unc'.ndrii-rd  at  that  temperature.  The  analy- 
sis of  the  gas  pr«<.-  -I  that  100  volumes  of  the  product^  of  explosion 
contain  — 

Aqueous  vapor.  ........     'J"i  M  vols. 

CHrU.n;  CO),          .         ,  .     28.96 

.     -j  -  N 

...... 

Marsh-gH>    '   I!,          ..... 

&8.18 
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If  the  marsh-gas  and  hydrogen  be  left  out  of  consideration,  the  fol- 
lowing equation  will  account  for  the  other  products  of  the  explosion, 
supposing  the  gun-cotton  to  be  pure  trinitrocellulose — 

2C6H7(N02)3O5    =    900     +     3C02     +     7H20     +     N6. 

According  to  this  equation,  100  grains  of  gun-cotton  should  furnish  356 
cubic  inches  of  gas  and  vapor,  instead  of  325.5  as  determined  by  experi- 
ment, and  the  volumes  of  the  products  should  be — 

Aqueous  vapor,  .  .  .28  vols. 

Carbonic  oxide,  .  .  .     36    " 

Carbonic  acid,  .  .  .     12    " 

Nitrogen,        .  .  .  .     12    " 

which  do  not  agree  with  the  experimental  results.  It  is  not  to  be  ex- 
pected, however,  that  one  simple  equation  should  correctly  represent  all 
the  products  of  such  a  decomposition  (see  p.  454). 

A  cubic  inch  of  compressed  gun-cotton,  of  the  same  density  as  water, 
weighs  about  250  grains,  and  would  evolve,  according  to  the  above 
equation,  865  cubic  inches  of  gas  and  vapor  at  60°  F.,  supposing  the 
steam  to  be  capable  of  remaining  uncondensed. 

A  cubic  inch  of  gunpowder,  of  density  1.75,  weighs  about  440  grs., 
and  would  evolve  by  calculation  (p.  454)  about  390  cub.  in.  of  gas  at 
60°  F.  This  would  become  4156  cubic  inches  at  the  calculated  tem- 
perature of  the  explosion,  corresponding  to  a  pressure  of  about  26  tons 
per  square  inch.  The  quantity  of  heat  generated  in  the  explosion  of 
gun-cotton  has  not  been  determined,  but  if  it  be  identical  with  that 
evolved  by  gunpowder,  the  temperature  of  the  flame  of  gun-cotton  would 
be  2166°  C.  (  =  3930°  F.),  a  temperature  much  lower  than  in  the  case 
of  gunpowder,  because  the  specific  heats  of  the  products  from  gun  cotton 
are  higher.  At  that  temperature,  the  865  cubic  inches  of  gas  generated 
by  a  cubic  inch  of  gun-cotton  would  become  about  7720  cubic  inches, 
and  would  exert  a  pressure  of  about  50  tons  upon  the  square  inch,  or 
nearly  twice  that  calculated  for  gunpowder. 

The  experiments  hitherto  made  have  been  unfavorable  to  the  employ- 
ment of  gun-cotton  as  a  substitute  for  gunpowder  in  artillery,  on  account 
of  the  injury  which  its  violent  explosion  occasionally  inflicts  upon  the 
gun.  For  use  in  fowling-pieces,  the  gun-cotton  pulp  is  diluted  with  a 
proportion  of  ordinary  cotton  pulp,  and  made  into  a  kind  of  paper  which 
is  rolled  up  to  form  the  cartridges.  Although  such  cartridges  leave  a 
considerable  carbonaceous  residue  when  fired  on  a  plate,  they  leave  little 
or  no  residue  when  fired  under  pressure. 

If  a  piece  of  compressed  gun-cotton  be  kindled  with  a  hot  wire  it 
burns  rapidly  away,  producing  a  large  volume  of  flame,  but  without  any 
explosive  effect.1  In  order  that  gun-cotton  fired  in  this  manner  might 
be  used  for  destructive  purposes,  it  was  found  necessary  to  confine  it 
in  strong  cases,  so  that  the  flame  of  the  portion  first  ignited  should  be 
employed  in  raising  the  temperature  of  the  rest  to  the  exploding-point. 

The  discovery,  made  by  E.  O.  Brown,  of  a  method  by  which  the  uncon- 
jined  gun-cotton  could  be  made  to  explode  with  most  destructive  violence, 
has  opened  a  new  career  to  this  material,  rendering  it  far  superior  to 

1  Too  much  stress,  however,  should  not  be  laid  upon  this  as  rendering  gun-cotton  magazines  safer 
in  case  of  fire  than  gunpowder  magazines.  The  experiment  with  gunpowder  mentioned  at  page  457, 
shows  that  if  all  the  particles  of  an  explosive  be  raised  at  once  to  nearly  the  inflaming-point,  the  first 
particle  which  inflames  will  cause  the  detonation  of  the  remainder.  Since  the  inflaming-poiut  of  gun- 
cotton  is  low,  the  above  condition  would  be  easily  fulfilled  in  a  conflagration. 
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ill  Masting  operations,  torpedoes  A«.     \\  if  onljf 

to  explode  in  contact  with  the  .-'.mpre—ed 

consisting  of  a  little  tube  of  <}iiill  <>r  thin  metal  charged  with  a  few  •_ 
of  fulminate  ••:'  MM  cause  the  cotton  to  detonate  with  extreme 

violence;    ami    such    detonation    ,  ••mmunieated    along  a  row  of 

pieces  of  compressed  cotton  placed  at  short  distances  from  each  other. 
Capability  of  uiiilcrir^ini:  what  may  l>e  termed 

oiitined  to  gun-cotton.      I'reviou-ly  to    Krown's 

disco \  1  h:nl  shown  it  to  exist  in  the  ease  of  nitro^lycei  in.  :in«l 

MerwanN  proved  that  most  explosives,  including  even  gunpowder, 
can  )>c  made  t<>  detonate  in  a  similar  manner.     Tin-  modus  operandi  of 
a  ing  fuse  has  not,  however,  been  satisfactorily  explained.     It 
would  at  first  appear  to  act  merely  l.y  mechanical  concussion,  but  t la- 
results  obtain-  1  throw  some  iloul.t  upon  this. 

The  very  destructive  effect  of  the  gun-cotton  exploded  in  this  way  is, 
Of  course,  due  to  the  sudden  manner  in  which  the  whole  mass  is  reso|\,-d 
gaseous  products. 

362.  Properties  of  Oun-C i >' 

< inn-cotton  is  more  easily  exploded  than  gnnpow dn- .  tin- latin-  requires 
a  temperature  of  at  least  600°   F..  whilst   ^un  cotton  may  explode  at 
277°  F..  ami    must    explode  at   400°  F.     It  is  very  dillicnl't   to  explode 
IT nn powder  by  percussion,  even  between  a  steel  hammer  and  anvil;  hut 
^un-eotton  invariably  detonates  in  this   wnv.  though  the  explosion    is 
confined   to   the  part    under  the  hammer.     The  explosion  of  gun-t 
is,  of  course,  unattended  l»y  any  sinoke,  a  most  important  advantage  in 
mines,  the  atmosphere  of  which  is  sometimes  rendered  almost  intolerable 
l.y  the  smoke  of  gunpowder  used  in  blasting.     The  absence  - 
from  the  «,nin-cotton    prevent-    the   fouling  of  guns,  and  it  un- 

necessary to  sponge  them  after  each  discharge,  for  the  amount  of  inc..m- 
bnstiMe  mineral  matter  piv.mt  in  the  eotton  is  very  small  (from  1  to  L» 
I>er  cent.),  and  is  entirely  scattered  l.y  t!  on. 

It  has  nil.  :i  1\    !.,-,-n  menti»m-'l  that  •  -;«M  of  gun-cotton  does 

not  impart  so  much  lieat  to  the  metal  of  the  gun  as  that  of  powder,  the 

)>eingso  great  that,  after  liiin^  100  rounds  with  >j.\\\\ -» -«>tton, 

the   -mi   was  not  so  much  heated  as  after  30  rounds  with  ^nnp<>uder. 

i         in  p<>it  ant  advantage  of  gun-cotton  may  be  due  either  t<>  the  lower 

attire  of  its  flame,  or  to  the  circumstance  that  the  charge  of  gun- 

o.tt'.n  is  only  one-third  of  the  charge  of  powder,  that   the  explosion  of 

is  >,,  much  more  rapid,  leaving  less  time  for  the  commnnica- 

f  heat  to  the  metal,  and  that  there  are  no  highly-heated  solid 

It  in  •••.niaet  with  the  ^iin.      <  i  un-c.  ,1 1.  .n  v  J.e   lired    nj.on 

the  palm  of  the  liand  with  impunity,  or  upon  a  heap  of  mm  powder  w  \\  h- 

out   kindlinu'  it  ;   although  it  cannot    I,,-  doiil>teil  that    the  temperature  of 

the  flame   is  really   much    higher   than   the   intlamin^-point    < 

That  the  recoil  of  a  gun  with  -_run-cott..n  i-   only  two-thirds  «.f 

that  e\  '  h  gunpowder  ,  i-  pp.l.alily  due  to  the  rapidity  of  the 

explosion,  which  allows  !•  -minu'  ""  •!'  the  -_;uii  ; 

•    of  strain   upon  the  nieta: 
• 

ii    of  its    manufacture,  that  -un- 

•  ntirely  uninjured  l.y  water,  -o  that  a  store  of  this  explosive 
mi-ht  l.e  imnie:  1.  and  would  l»e  still  M 

red  u-eless  by 
•t   with  water,  which  di-  t    the  niti  when  exposed 


PREPARATION    OF    COLLODION. 


535 


to  very  damp  air,  gunpowder  is  liable  to  injury  from  the  effect  of  mois- 
ture in  partially  separating  the  nitre  from  the  other  ingredients,  whilst 
gun-cotton  only  requires  exposure  to  a  dry  atmosphere  for  a  short  time 
to  render  it  fit  for  use.  The  proportion  of  moisture  retained  by  gun- 
cotton,  in  the  ordinaiy  state  of  the  atmosphere,  is  2  per  cent. 

As  an  objection  to  the  employment  of  gun-cotton  as  a  substitute  for 
gunpowder,  it  has  been  asserted  that  the  trinitrocellulose  is  liable  to 
undergo  spontaneous  decomposition,  which  might  at  any  time  render 
the  contents  of  a  magazine  unserviceable,  or  might  even  give  rise  to  the 
evolution  of  a  sufficient  amount  of  heat  to  cause  an  explosion.  The 
origin  of  this  objection  is  to  be  traced  to  the  old  process  for  preparing 
gun-cotton,  in  which  the  acids  were  not  allowed  to  act  upon  the  cotton 
for  a  sufficient  length  of  time,  so  that  the  whole  of  the  cotton  was  not 
converted  into  true  gun-cotton,  but  some  less  stable  substitution  products 
were  formed  at  the  same  time.  Another  cause  of  spontaneous  alteration 
is  the  imperfect  washing  of  the  gun-cotton,  whereby  minute  traces  of 
acid  are  left  in  the  fibre.  All  recent  experiments,  by  Abel  and  others, 
appear  to  have  proved  that,  considering  its  highty  complex  character, 
pure  gun-cotton  is  a  very  stable  compound  under  ordinary  conditions  ; 
although,  when  kept  in  a  moist  state,  it  develops  traces  of  acid  products, 
the  temperature  does  not  rise  to  any  important  extent,  nor  is  the  ex- 
plosive quality  of  the  material  at  all  injured. 

363.  Gun-cotton  is  somewhat  harsher  to  the  touch  than  ordinary  cot- 
ton, and  becomes  remarkably  electrical  when  rubbed  between  the  dry 
fingers.     It  is  insoluble  in  alcohol  and  ether,  as  well  as  in  a  mixture  of 
these  solvents,  though  ordinary  specimens  generally  yield  a  small  per- 
centage of  soluble  matter  when  treated  with  a  mixture  of  alcohol  and 
ether,  because  they  contain  extraneous  matters,  such  as  the  other  sub- 
stitution products  to  be  mentioned  presently.     Acetic  ether  dissolves  it, 
and  so  does  a  mixture  of  ordinary  ether  with  ammonia.     Strong  sul- 
phuric acid  dissolves  it  without  carbonization,  unless  any  unconverted 
cotton  should  happen  to  be  present. 

364.  Collodion  Cotton. — When  cotton  or  paper  is  acted  upon  by  a  mix- 
ture of  nitric  and  sulphuric  acids  containing  more  water  than  is  present 
in  that  employed  for  the  preparation  of  gun-cotton  (p.  530),  compounds 
are  formed  which  contain  less  nitric  peroxide,  and  are  much  less  com- 
bustible than  the  trinitrocellulose,  from  which  they  are  also  distinguished 
by  their  solubility  in  mixtures  of  alcohol  and  ether. 

In  order  to  render  evident  the  relations  between  these  compounds  and 

tun-cotton,  the  formula  of  the  latter  must  be  trebled,  when  we  have  the 
)llowing  series  of  nitro-compounds  produced  by  the  mixtures  of  nitric 
acid,  sulphuric  acid,  and  water,  to  which  they  stand  opposite — 


Composition  of  the  mixed  acids. 
(1.)     HN03  +  H2O.S03 
(2.)     HNO34.H2O  SO3+lfH2O 
(3.)     HNO3  +  H2O.SO3-f-2H2O 

(4.) 


Products  of  their  action  on  cellulose. 

C18H21(N02)9015 
C18H22(N02)8015 

C18H88(N08)7016 

C18H24(N02)6015 

As  might  be  expected,  these  compounds  diminish  in  combustibility  in 
proportion  as  the  N02  contained  in  them  diminishes.  The  second  is 
that  employed  for  the  preparation  of  photographic  collodion,  being  dis- 
solved for  that  purpose  in  a  mixture  of  ether  and  alcohol. 
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':.•.!:..  n,  three  measured  ounces  of  »r.];- 

nnry  nitric  arid  op.  gr.  1.42^)ar<-  ••«  of  water  in  a  jiint  beaker. 

r.-d  ounce*  of  strong  ftul|>huri<-  acid    •>]<.  gr.  1.889)  are  addi-d  t<>  t! 
-  continually  stirred  whilst  the  acid  is  being  added.     A 

.  is  allowed  to  cool  to  140°  F.  ;  100  grain.-  "f  dry 
•i  ten  separate  tufts,  are  immersed  in  th.-  tnixtur-   )<>r  live  minutes,  the  beaker 

•h  a  glass  plate.     The  acid  is  then  pour«-d  into  :u.  .;!,.T  l»-n 
•squeezed  with  a  glass  rod,  and  thrown  into  a  large  volume  of  water 
finally  washed  in  astrea  till  it  is  no  longer  acid,  and  dn  -ure  to 

air.     (By  adding  to  the  acid  which  was  drained  out  of  th<  :rachms 

more  sulphuric  acid,  and  immersing  another  100  grains  of  cotton  for  ten  minutes,  a 
second  portion  of  soluble  cotton  may  be  obtain- 

Collodion  Balloon*.  —  These  balloons  may  be  made  in  the  following  manner  :  6 
grains  of  the  collodion  cotton,  prepared  according  to  the  above  directions,  n 
solved  in  a  mixture  of  1  drachm  of  alcohol  (sp.  gr.  .885)  and  2  drachms  «•• 
(sp.  gr.  .726),  in  a  corked  test-tube.     The  solution   is  poured  into  a  dry  Florence 
flask,  which  is  then  turned  about  slowly,  so  that  every  part  of  its  surface  may  be 
covered  with  th»-  coll.  ..lion,  the  excess  of  u  huh  i-  then  allowed  to  drain  l>«<  k  int.-  th.- 
tube.     Air  is  then  blown  into  the  fla.-k  thr..  <h  a  long  glass  tube  attache*! 

131),  as  long  as  any  smell  of  ether  is  per- 

crptiblf.  A  p-n-knifr  blade  is  carefully  inserted  between  the  flask  and  the  neck  of 
th-  hall.  M.  n,  which  is  thus  detached  from  the  glass  all  round  ;  a  small  piece  of  glass 
tui'in^  is  introduced  for  an  inch  or  two  into  the  neck  of  the  balloon,  .-•  that  th«> 
l.iu.-r  may  cling  round  it.  Through  this  tube  air  is  drawn  out  by  the  mouth  until 
if  of  the  balloon  has  left  the  side  of  the  flask  and  collapsed  upon  th.-  other 
half;  by  rrin-fiilly  twi-tini;  th.-  tu1  -n  may  l>«-  d( 

dr.iwn  out  through  the  neck  of  the  flask,  when  it  must  bo  quickly  untu  i-t.-.l.  distended 
t»y  Mowing  through  the  tube,  tied  with  a  piece  of  silk,  and  suspended  in  the  air  to 
The  average  weight  of  such  balloons  is  two  grain-. 

When  collodion-cotton  is  kept  for  some  time,  especially  if  at  all  <l:kin[>. 
it  undergoes  decomposition,  tilling  the  bottle  with  ml   fumes,  ami  U-- 
converted  into  H  gummy  mass,  which  contains  oxalic  acid. 


3f>5.  Xyioidine  is  the  name  given  to  a  highly  combustible  Militant  * 

analogous  to  pyroxylin*-.  which  is  obtained  by  dissolving  starch  in  the 

rasi    nitric  acid,  and  diluting  the  solution  with  water,  when  the 

\\loidine  fiUte  asa^li'r  .tut*-,  which  maybe  colle<-tc«l  u|.«'n  n 

filter,  and  washed  till  free  from  acid.     The  composition  of  xvl«>idin«-  is 

<    II    \«»     <>.  n|  i.  -tilting  starch  (C,H10O6),  in  which  2  m«»l«  -cul«  •>  «•! 

i  oxide  have  been  substituted  for  2  atoms  of  hydrop  n. 

<  ),)tOJ  is  another  explosive  body  of  the  same 

order,  obtained  by  adding  powdered  mamiit.  i  II  <  »  ».  in  small  por- 
tions, to  a  mixture  of  equal  measures  of  the  ^tn.n^^t  nitric  and  MI!- 
phuric  acids,  which  inn:  dissolve  it.  and  presently  solid; 

mass  of  minute  needles  of  nitr<»mannite.  which    may  !•••  \\a-lud  with   a 
large  volume  of  water,  and  crystalli/-  d  iV-.m  boiling  alcohol.      I'nd.  r  the 
hammer,  nitrnmanniif  exj.lodcs  with  a  very  loud  report.      When  h< 
it  fu  8cs  before  exploding. 


sru;iT>. 

366.  Wine  is  essentially  composed  of  8  or   1<»  part*  of  alc.,ho|.  with 
85  or  90  of  water,  together  with  minute  ijuan'  n  fragrant 

ethers,  of  coloring  matter,  of  In-  .  and  of  the  mineral 

substances    d.i  m    the   L'rape  juice,      (ilyceiin    and    suecin: 

have  also  Ijcen  ton  n«l  in  irfaiec,  ana  appear  to  b«  ocmtt  iar\  prod- 

ucts of  the  alcoholi  .".19). 
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Those  wines  in  which  the  whole  of  the  sugar  has  been  fermented  are 
known  as  dry  wines;  whilst  fruity  wines  still  retain  a  considerable 
quantity  of  sugar. 

The  preparation  of  wine  differs  from  that  of  beer  in  the  circumstance 
that  no  addition  of  ferment  is  necessary,  the  fermentation  being  excited 
by  a  substance  present  in  the  grape-juice.  This  juice  contains,  in  addition 
to  grape-sugar,  vegetable  albumen,  tartrate  of  potash,  and  the  usual 
mineral  salts  found  in  vegetable  juices.  The  husks,  seeds,  and  stalks  of 
the  grape  contain  a  considerable  quantity  of  tannin,  together  with  certain 
blue,  red,  and  yellow  coloring  matters. 

When  the  expressed  juice  remains  for  a  short  time  in  contact  with  the 
air,  the  albuminous  substances  contained  in  it  enter  upon  a  state  of 
change,  exciting  the  vinous  fermentation  in  the  sugar,  and  a  scum  of 
yeast  is  formed  upon  the  surface.  If  this  fermentation  takes  place  in 
contact  with  the  husks  of  the  dark  grapes,  the  alcohol  dissolves  the  color- 
ing matter,  and  a  red  wine  results ;  whilst  for  the  production  of  white 
wines,  the  husks,  &c.,  are  separated  previously  to  the  fermentation,  and 
the  juice  is  exposed  as  little  as  possible  to  the  air. 

White  wines  are  rather  liable  to  become  ropy  from  viscous  fermenta- 
tion, but  this  is  prevented  by  the  addition  of  a  small  quantity  of  tannin, 
which  precipitates  the  peculiar  ferment.  The  tannin  for  this  purpose  is 
extracted  from  the  husks  and  stalks  of  the  grapes  themselves. 

Red  wines,  such  as  port  and  claret,  are  often  very  astringent  from  the 
tannin  dissolved  out  of  the  husks,  &c.,  during  the  fermentation.  Port 
wine,  when  freshly  bottled,  still  retains  in  solution  a  considerable  quantity 
of  bitartrate  of  potash  (KHC4H406),  but  after  it  has  been  kept  some  time, 
and  become  more  strongly  alcoholic,  this  salt  is  deposited,  together  with 
a  quantity  of  the  coloring  matter,  in  the  form  of  a  crust  upon  the  side  of 
the  bottle.  Thus  a  dark  fruity  port  becomes  tawny  and  dry  when  kept 
for  a  sufficient  length  of  time,  the  sugar  having  been  converted  into 
alcohol. 

When  the  wine  contains  an  excess  of  tartaric  acid,  it  is  customary  to 
add  to  it  some  neutral  tartrate  of  potash  (K2C4H406),  which  precipitates 
the  acid  in  the  form  of  bitartrate. 

The  preparation  of  champagne  is  conducted  with  the  greatest  care. 
The  juice  or  must  is  carefully  separated  from  the  marc  or  husk,  and  is 
often  mixed  with  one  per  cent,  of  brandy  before  fermentation.  After 
about  two  months  the  wine  is  drawn  off  into  another  cask,  and  clarified 
with  isinglass  dissolved  in  white  wine,  and  added  in  the  proportion  of 
about  half  an  ounce  to  40  gallons.  This  combines  with  the  tannin  to 
form  an  insoluble  precipitate,  which  carries  with  it  any  impurities  floating 
in  the  wine.  After  another  interval  of  two  months,  the  wine  is  again 
drawn  off,  and  a  second  clarification  takes  place;  and  in  two  months  more 
the  wine  is  drawn  off  into  bottles  containing  a  small  quantity  of  pure 
sugar-candy  dissolved  in  white  wine.  The  bottles,  having  been  securely 
corked  and  wired,  are  laid  down  upon  their  sides  for  eight  or  ten  months, 
during  which  time  the  fermentation  of  the  newly  added  sugar  takes  place, 
and  the  carbonic  acid  produced  dissolves  in  the  wine,  whilst  a  quantity 
of  yeast  is  separated.  In  order  to  render  the  wine  perfectly  clear,  the 
bottle  is  left  for  about  three  weeks  in  such  a  position  that  the  deposit 
may  subside  into  the  neck,  against  the  cork,  which  is  then  unwired  so 
that  the  pressure  of  the  accumulated  carbonic  acid  may  force  it  out 
together  with  the  deposit;  the  bottle  having  been  rapidly  filled  up  with 
white  wine,  is  again  corked,  wired,  covered  with  tin  foil,  and  sent  into 
the  market.  Pink  champagne  is  prepared  from  the  must  which  is 
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squeezed  out  of  the  marc  after  it  has  cea-  >ntains  a 

little  «.f  t!i. •.•••!.. i-in-   matter  of  the  hu-k.     'I  is  also  sometimes 

impa;  idini:  a  little  tincture  of  litmus. 

The  proportion  of  alcohol  in  \\im«s  varies  greatly,  as  will  be  seen 
the  following  statement  of  the  weight  of  alcohol  in  100  parts  of 

from  16  to  17. 

Sherry, "      14  to  16. 

Champagne, 11.6 

Claret, «       8  to    9 

Rudwheimer, "       7  to    8.6 

MS  from  1  to  5  per  cent,  of  sugar,  port  from  3  to  7  per 
cent.,  and  Toka\  1 T  per  cent.:  in  the  last  case,  the  sugar  is  increased  by 
:i.  1.1  in-.:  --.in.  of  the  must  concentrated  by  evaporation  to  the  wine  pre- 
viously to  bottling. 

The  i»,n.fu»-t  or  fragrance  of  wine  is  due  to  the  presence  of  certain 

fragrant  ethers,  especially  of  oeuanthic.  pelar^oni. ,  ami   acetic  ether, 

formed  during  the  fermentation  or  during  the  subsequent  storing  of  the 

wine.     It  is  to  the  increased  quantity   of  such   fragrant  ether  that  th. 

:  i«-r  bouquet  of  many  old  wines  is  due. 

//.,/  S/»/>/Vs. — The  varieties  of  ardent  spirits  are  obtained 
from  fermented  liquids  by  distillation,  so  that  they  consist  essentially  of 
alcohol  more  or  less  diluted  with  water,  and  flavored  either  with  some 
of  the  volatile  products  of  the  fermentation,  or  with  some  essential  oil 

I  for  the  purpose. 

Bran'l'i   i-   di-tilled   from  wine,  and  colored  to  the  required  extent 
with  burnt  sugar,  (caramel).     Its  flavor   i-   due  «  hi.  il\    t<»  the  pie-. 

•hie  ether  derived  from  the  wine.     The  color  of  genuine  pale 
brandy  is  due  to  its  having  remained  so  long  in  the  cask  as  to  have  dis- 

portion  of  brown  coloring  matter  from  the  wood,  and   It  tin 
fore  an  indieaiion  of  its  age.     Hence  arose  the  custom  of  adding  caraim  1, 
-ometimes  infusion  of  tea,  to  impart  the  astringency  due  to  the 
tannin  dissohed  from  the  wood  by  old  brandy. 

is  distilled  from  fermented  malt,  which  has  been  dried  o\er  a 
.to  which  the  eharacteristic  smoky  flavor  is  due. 
is  also  prepared  from  fermented  malt  or  Other  grain,  and  i-  tla 
with    the   essential    oil   of  juniper,  derived  from  juniper   berries,  added 
during  the  distillation. 

rom  fermented  molasses,  and  appears  to  owe  it- i!a\  MI 
it  presence  of  butyric  ether,  or  of  some  similar  compound. 

•  d  IV" m  fermented  rice. 

miter  and  fa>fll    cherrie-  and   their 

Stones,  which  have  been  crushed  and  ferment 

i\    and    \\hi-ky  are  di-tilled   from  fer- 

'oes,  or  from  a  mixture   of  potatoes  and  «:rain.  when  there 
'ogether  with  ordinary  alcohol,  anot  hn    spirit   beloi 
the  same  class,  but  ,,-hed  tV<>m  alcohol  by  its  nauseous  and  in 

ing  odor.      I  I-  h    is   known   as  potato-*i>i»'.   am 

1     '  '    '  '  .  I   miniite.piair 

-   of  -j.iiit    from    -rain   and 

itOM  i'-ni'.\»-  •  Me  and  uiiwln>le- 

•  «;  BUbstain  •    by  lea\in^  the  sj.irit  for  some  '  .. -t  with  wood- 

char.-., a!. 
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THE  ALCOHOLS  AND  THEIR  DERIVATIVES. 

368.  It  has  already  been  stated  that  alcohol  is  the  type  of  a  very  im- 
portant class  of  compounds  closely  related  to  each  other  in  composition 
and  properties. 

The  alcohols  are  all  composed  of  carbon,  hydrogen,  and  oxygen;  the 
members  of  the  series  represented  by  common  alcohol  always  contain 
one  atom  of  oxygen.  The  number  of  atoms  of  hydrogen  is  always  an 
even  number,  exceeding  by  two  the  doubled  number  of  atoms  of  carbon, 
so  that  the  general  formula  of  an  alcohol  of  this  series  may  be  written 
thus,  CnH2re+2O.  Thus,  in  ordinary  or  vinic  alcohol,  C2H6O.  n  =  2,  in 
wood-spirit  or  methylic  alcohol,  CH40,  n=  1,  in  potato-spirit  or  amylic 
alcohol,  C5H120,  n=5. 

These  alcohols  constitute,  therefore,  a  truly  homologous  series  (p.  488), 
of  which  many  members,  however,  remain  to  be  discovered. 

The  following  table  includes  the  alcohols  of  this  series  which  are  at 
present  known : 


Chemical  Name. 

Source. 

Formula. 

Common  Name. 

1.  Methylic  alcohol, 

Destructive  distillation  of  wood 

C  H40 

Wood  naphtha 

2.  Ethylic 

Vinous  fermentation  of  sugar, 

C2H60 

Spirit  of  wine. 

3.  Propylic 

Fermentation  of  grape-husks, 

C3H80 

4.  Butylic 

Fermentation  of  beet-root,    . 

C4  H100 

5.  Amylic 

Fermentation  of  potatoes, 

C5  H120 

Fousel  oil. 

6.  Caproic 

Fermentation  of  grape-husks, 

C6  HU0 

7.  (Enanthic           | 

Distillation      of      castor-oil  \ 
with  potash,     .     .     .     .     / 

C7  H160 

8.  Caprylic 

Fermentation  of  grape-husks, 

C8  H180 

10.  Rutic 

Oil  of  rue 

C   H   O 

12.  Laurie 

Whale  oil,  

^10       22 

C12H260 

16.  Cetylic 

Spermaceti,      

C16H340 

Ethal. 

27.  Cerylic 

Chinese  wax,   

027H560 

Cerotene. 

30.  Melissic 

Beeswax,     

CAY) 

Melissine. 

30      62 

The  usual  gradation  in  properties  attending  the  gradation  in  composi- 
tion among  the  members  of  a  homologous  series,  is  strikingly  exemplified 
in  the  class  of  alcohols.  The  first  eight  members  of  the  group,  linked 
together  as  they  are  by  an  almost  common  origin  (being  derived,  with 
one  exception,  from  the  fermentation  of  substances  nearly  allied,  and 
that  exception  being  a  product  of  destructive  distillation,  which  may  be 
regarded  as  an  accelerated  fermentation),  and  by  a  regularly  ascending 
composition,  would  be  expected  to  resemble  each  other  in  their  properties 
far  more  closely  than  the  other  members  of  the  class.  Accordingly,  we 
find  that  methylic,  ethylic,  propylic,  butylic,  amylic,  caproic,  cenanthic,1 
and  caprylic  alcohols,  are  all  liquid  at  the  ordinary  temperature,  that 
they  all  possess  peculiar  and  powerful  odors,  and  may  be  readily  distilled 
unchanged.  Among  these,  however,  the  gradation  is  not  to  be  over- 
looked. The  two  first,  methylic  and  ethylic  alcohols,  may  be  mixed  with 
water  in  all  proportions,  but  the  third,  propylic  alcohol,  though  freely 
soluble  in  water,  is  not  so  to  an  unlimited  extent ;  whilst  butylic  alcohol 
is  less  soluble,  and  amylic  alcohol  may  be  said  to  be  sparingly  soluble 
in  water.  Caproic  alcohol,  the  next  member,  is  insoluble  in  water,  whilst 
caprylic  is  not  only  insoluble,  but  possesses  an  oily  character,  leaving  a 
greasy  stain  upon  paper. 


This  alcohol  is  of  recent  discovery,  and  has  been  little  examined. 
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ALCOHOLS  —  ALDEHYDES. 


In  their  boiling-points,  and  the  specific  gravities  of  their  vapors,  a 
lar  gradation  is  observ. 


AlcofcoL 

BoUtng-PoInt, 

Vapor  Ifeiultr. 

.      . 

Hut 
A  my  lie, 
Gap* 

(Enanthic,      
Caprylic,  

149.9°  F. 
178° 

KM 

269.8° 
.TJ:    MT 

Mr 

11.' 

1.61 
2.69 
8.68 
4Jt 

Qne  molecule  of  each  of  these  alcohols  yields  ///-o  volumes  of  vapor, 
or,  in  other  words,  if  a  given  weight  of  the  alcohol  corresponding  to  its 
molecular  weight  be  converted  into  vapor,  that  vapor  will  occupy  t\\i,  ,- 
as  much  space  as  would  be  occupied  i>\  one  part  of  hydrogen  at  the 
same  temperature  and  pressure. 

The  higher  members  of  the  group  of  alcohols  are  solid  fusible  bodies 
more  nearly  approaching  to  waxy  <-r  tatty  matters  in  their  nature,  and 
not  susceptiMe  of  distillation  without  decomposition.  Far  less  is  known 
of  these  than  of  the  alcohols  containing  less  carbon. 

The  true  chemical  definition  of  an  alcohol  «>f  tins  series  rests  upon  the 

circumstance,  that  under  the  influence  of  oxidizing  agents,  it  first  parts 

with  two  atoms  of  hydrogen,  and  is  converted  into  RJ  1.  ,,hol 

deh  \drogenated),  and  afterwards  absorbs  an  atom  of  oxygen,  yirldinir 

I.     Thus,  it  has  been  already  shown  (p.  521),  that  vinic  alcohol 

(C  II.'  >>.  \\lu-ii  exposed  to  air  under  favorable  conditions,  yields  alde- 

r  I  M>.  which,  by  absorbing  oxygen,  is  converted  int  .  a.,  tic  acid, 

C,H4Or 

The  formation  of  an  aldehyde  would,  therefore,  be  represented  by  the 
general  formula — 


<  Ml    <>   +   H.O, 


and  that  of  the  corresponding  acid  by 

(    1 1.^,0   +  0,  = 


Alnkft 


IK.. 


In    addition    to  this,  a   double  molecule  of  cadi  of  tli.'-e    alcohoU.  l.y 
the  loss  of  the  elements  of  a  mole,  ul,    ,,f  water.  \  i 

iinnry  ether    ('II  )  O.  which  differ-  from  the  doiiMe  mo- 
lecule of  \inic  alcohol.  (    ||  (i.  |>j  the  elements  of  a  molecule  of 

The  general  formula  representing  the  tetatftOB  of  M  -m  an 

alcohol  of  the  above  serie.  i 


-  H,0  = 


alcohol  has  its  corresponding  aldehyde,  a.  -id.  and  etlier, 
so  that  th.  IBOtOgOOt  MrleS  Of  uid  i-lhers.  ju^t 

as  of  the  alcohol-,  fr,,m  \\hieh  th. 

•nl.ers  of  the   aldeh\  de  ,•  hjch    ha 

1   a  large    shnr-  :iti«ui  on    a<-<-oniit  of  their  practical    impor- 

from  ordinary   alcohol;   hut  tin-  aeids 
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contains  many  members  of  importance,  to  some  of  which  no  correspond- 
ing alcohols  are  yet  known. 

The  very  important  homologous  series  of  acids,1  composed  after  the 
general  formula  CnH2rt0.j,  includes — 


Acid. 

Source. 

Formula. 

1    Formic  acid 

Red  ants   nettles 

C   H  O0 

2    Acetic       " 

C   H,  O 

3.  Propylic  " 
4    Butyric    " 

Oxidation  of  oils,      .... 

C3H602 
C,  HoO 

C.  H  nO 

6.  Caproic          '' 
7.  (Enanthic      " 
8    Caprylic         " 

Rancid  butter,      
Oxidation  of  castor  oil, 

«CnM 

&  H"O° 

.    9.  Pelargonic    " 
10    Rutic  or  capric  acid. 

Geranium  leaves,      .... 
Rancid  butter,      

p  So 

Woi 

11.  Euodic  acid,2 
12.  Laurie 
13.  Cocinic 
14.  Myristic 
15    Benic 

Oil  of  rue,  
Bay  berries,     
Cocoanut  oil,    
Nutmeg  butter,    
Oil  of  ben                   .... 

PHD 

rP&W 

&H$ 

o±o' 

16    Palmitic 

Palm  oil       .               ... 

O«H"O! 

17    Margaric 

Olive  oil  ?                    .... 

C,,H,,O 

18    Stearic 

Tallow                             .     .     . 

C,0H,CO 

19.  Balenic 
20    Butic         ' 

Butter 

<M<> 

C^H  nO 

21.  Nardic     " 
27.  Cerotic     " 

Beeswax,     

C21H4202 
C^H-.O, 

30    Melissic    " 

Beeswax 

C  H  O 

V/301-160W2 

A  very  gradual  transition  of  properties  is  observable  in  the  members 
of  this  extended  series  of  acids. 

The  first  nine  members  of  the  series  are  liquid,  the  remainder  solid  at 
common  temperatures.  Of  the  liquids,  formic  acid  boils  at  221°  F.,  and 
the  boiling-points  of  the  other  members  exhibit  a  gradual  rise  up  to 
pelargonic  acid,  which  boils  at  500°  F.  The  melting-points  of  the  solid 
acids  also  ascend  from  86°  F.  for  rutic  acid  (C^H^O.,)  to  192°  F.  for 
melissic  (CxHmQ2). 

Formic  and  acetic  acids  may  be  mixed  with  water  in  all  proportions, 
like  their  corresponding  alcohols,  the  methylic  and  ethylic ;  propylic 
acid,  though  soluble  to  a  great  extent  in  water,  resembles  the  correspond- 
ing alcohol  in  not  mixing  indefinitely  with  water.  Butyric  acid  behaves 
in  a  similar  manner.  Yalerianic,  caproic,  oenanthic,  and  caprylic  acids 
are  sparingly  soluble  in  water.  Pelargonic  and  capric  acids  are  very 
sparingly  soluble,  and  the  remaining  members  of  the  series  are  very  de- 
cidedly fatty  acids,  insoluble  in  water,  and  forming  soaps  with  the  alka- 
lies. 

The  members  of  the  series  of  alcohols,  under  the  action  of  powerful 
dehydrating  agents,  are  capable  of  parting  with*  the  elements  of  a  mo- 
lecule of  water,  furnishing  the  members  of  a  homologous  series  of  hydro- 
carbons related  to  their  corresponding  alcohols,  as  olefiant  gas  or  ethy- 
lene  (C.2H4)  is  related  to  ethylic  alcohol. 


Often  spoken  of  as  the  acetic  series  of  acids,  or  the  fatty  acid  series. 
j,  fragrant. 


OLEPINES    OR    OLEFIANT    OAS    HYDROCARBONS. 


general  formula  fur  tin-  production  ,,f  tin-  lomologues  of  »-tli\  l.- 
MI  the  alcohols  in:i\  !•»•  thus  expressed — 

C.H.,  +  ,0-     H.O     =  C.1I,.. 

The  known  members  of  ibis  series  of  hydrocarbons 


_> 

Formula. 

Oon^^din. 

CorrcvpoDdiog 
Alwhol. 

•' 

2.  Ethyl.  -I,,.. 

Formic. 

Wood-naphtha. 

Alcoh..!. 

8.  l'i 
4.  K  . 

Ci, 
3      • 

•.lie. 

Bat] 

Hut 

6.  Aniyl.-ii'-, 

'      «.. 

Valerianic. 

Fotisel  oil. 

6.  Caproylene, 

23 

*     i 

Caproic. 

(Enantliic. 

8.  Caprylene, 

rJ.    Klaeiic,    . 

cX! 

1 
.r^t.tii.-. 

Capr 

10.  Paramylene, 

CloH« 

Rutic. 

16.  Cetylene,     .     .     . 

C..H,, 

Pain 

Ethal. 

27.  Cerotene, 

C«HM 

Cerotic. 

Cer<  • 

80.  Heliuene,   .     .     . 

C..H,, 

Meliuic. 

Meliuine. 

Of  these  hydrocarbons,  methyU-iu-,  t-tlivh  u«-.  an«l  piopyl*  nc  are  gase- 
ous; butyh-iH-  is  also  a  gas,  but  easily  condensed  to  a  liquid  st:»t«- :  tin- 
remainder  are  liquid  at  the  ordinary  temperature,  except  ceroten* 
melissene,  which  are  solid. 

This  series  exhibits  one  of  the  best  examples  of  jwlymerism  or  mul- 
tiple   relation  of  composition,  each  member  «.f  tin-  series  being 

l'\  u  fnninila  which  is  a  multiple  by  some  whole  number  of  that 
of  the  first  member  of  the  series. 

Since  one  molecule  of  each  of  these  hydrocarbons  in  the  state  of  \  a  |  ••  >r 
nci-upM".  {wo  >'•  •       iiiii»t  follow,  if  ilu-ir  c«nii|io>.ition  be  corn-<-tly 

stated,  thai   thrir  vapor  densities  exhibit  a  multiplr  ri-lation  similar  to 
that  which  «'xi«ts  between  their  formula-. 

That  this  is  the  case  will  be  seen  by  tin-  subjoined  table,  which  illus- 
trates very  clearly  the  importance  of  determining  the  specific  gravity  of 


the  vapor  of  a  volatile  substance  as  a  confirmation  of  the  result  >  of 
analysis  : 

Hydrocarbon.                           Specific  gravity  of  vapor. 

•: 

:'.'..     : 

o  i:.o 

i.  '-TS 

l','i:\i.  r,.-. 

III 

L.400 

An,vi,n,. 

'   II 

Caproylene, 

•    II 

Caprylene, 

. 

|  :.(• 

EUMM, 

4.48 

,  '.     '. 

1061 

Cetylene, 

CWB,,                         8.007 

1  Th<~  hrdnic»rbont  are 
TMBUin.    Thu.  propyl 


propylenr  a  • 


•!..   multiple  of  Cll,  which 

caj 
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It  will  be  observed  that  jnst  as  the  formula  of  cetylene  (C16H32)  is  a 
multiple  of  that  of  methylene  (CH2)  by  16,  so,  allowing  for  errors  of 
experiment,  the  vapor  density  of  cetylene  (8.007)  is  16  times  that  of 
methylene  (0.490). 

369.  ALCOHOL  may  be  studied  as  the  type  of  the  class  to  which  it 
gives  a  name. 

When  any  of  the  fermented  or  distilled  liquors  of  commerce  are  sub- 
jected to  distillation,  the  alcohol  passes  over  during  the  first  part  of  the 
process,  mixed  with  a  considerable  quantity  of  water ;  and  if  the  distil- 
lation be  continued  as  long  as  any  alcohol  passes  over,  and  the  whole  of 
the  distilled  liquid  be  measured  or  weighed,  the  quantity  of  alcohol 
present  in  the  original  liquid  subjected  to  distillation,  may  be  inferred 
(by  reference  to  a  table)  from  the  specific  gravity  of  the  aqueous  spirit 
distilled  from  it,  since  the  lighter  it  is  the  more  alcohol  it  contains,  the 
specific  gravity  of  pure  alcohol  being  0.794. 

The  strength  of  the  spirit  of  wine  of  commerce  is  ascertained  by  de- 
termining its  specific  gravity.  That  known  as  proof  spirit  has  the 
specific  gravity  0.920,  and  is  so  called  because  it  is  the  weakest  spirit 
which  will  answer  to  the  rough  proof  of  firing  gunpowder  which  has 
been  moistened  with  it  and  kindled.  Any  spirit  weaker  than  this  leaves 
the  powder  moist,  and  does  not  explode  it.  It  is  then  said  to  be  under 
proof,  whilst  a  stronger  spirit  is  spoken  of  as  over  proof \ 

Proof  spirit  contains  by  weight,  in  100  parts — 

Water,         .         .         .     50.76 
Alcohol,       .         .         .     49.24 

A  spirit  would  be  spoken  of  as  30  per  cent.,  for  example,  over  proof, 
if  100  measures  of  it,  when  diluted  with  water,  would  yield  130  measures 
of  proof  spirit.  A  spirit  30  per  cent,  below  proof  contains,  in  every  100 
measures,  70  measures  of  proof  spirit.  By  repeatedly  rectifying  or  re- 
distilling the  weak  spirit  obtained  from  a  fermented  liquid,  collecting 
the  first  portions  separately,  a  strong  spirit  may  be  obtained,  containing 
90  per  cent,  of  alcohol,  but  mere  distillation  will  not  effect  a  further 
separation  of  the  water.  Weak  spirit  may  be  concentrated  to  a  greater 
extent  than  this,  by  leaving  it  inclosed  in  a  bladder  for  a  considerable 
period,  when  the  water  exudes  through  the  bladder  more  readily  than 
the  alcohol,  so  that  the  latter  accumulates  in  the  mixture  to  the  amount 
of  95  per  cent. 

Another  method  of  separating  a  great  part  of  the  water  consists  in 
adding  dry  carbonate  of  potash  to  the  weak  spirit  as  long  as  it  is  dis- 
solved, when  the  mixture  separates  into  two  layers,  the  lower  consisting 
of  solution  of  carbonate  of  potash  in  water,  and  the  upper  one  of  spirit, 
containing  89  per  cent,  of  alcohol.  By  effecting  the  separation  by  means 
of  carbonate  of  potash  in  a  graduated  tube,  this  method  is  sometimes 
employed  for  roughly  ascertaining  the  proportion  of  alcohol  in  a  fer- 
mented or  distilled  liquid,  the  foreign  matters  in  which  prevent  any 
safe  inference  from  the  specific  gravity. 

The  last  portions  of  water  are  removed  from  alcohol  by  allowing  it  to 
stand  for  two  or  three  days  over  powdered  quicklime,  and  distilling, 
when  the  lime  retains  the  water  in  the  form  of  hydrate  of  lime,  and  the 
pure  or  absolute  alcohol  distils  over.  It  must  then  be  preserved  in  well- 
stopped  bottles,  since  it  readily  absorbs  moisture  from  the  atmosphere. 
Its  attraction  for  water  causes  it  to  evolve  heat  when  mixed  with  that 
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li«  |  ni<l,  :ili«l  the  volume  i.f  tin-  r  -  Irss  tlian  thr  sum  •  >f  t  In-  volumes 

of  its  components,  showing  that  combination  has  taken  j.l-. 

370.  or,  as  it  is  sometimes  erroneously  rail. -.1. 

i  <  '.II    0),  is  obtained  by  difttillfoir  •  mi \ture  of  two  measures  of  alcohol 
with  onr  measure  of  OOD<  i  sulphuric  acid.     As  soon  as  th. 

ture  begins  to  blacken,  in  consequence  of  a  secondary  decomposition 
of  the  alcohol,  the  retort  is  allowed  to  cool.  another  half  mea-m-   <-f 
1   is  added,  and   tin-    mixture   a^ain   distilled   as  long   as  etlu-r   is 
obtained. 


Continuous  ethoriflcation. 

A  far  better  method  of  obtaining  ether  is  that  known  as  the  • 
process.     Alcohol  of  sp.  gr.  0.830  is  mixed  with  an  equal  measure  of 
< •om-entrnted  sulphuric  acid,  and  introduced  into  a  retort  or  flask  (Fig. 
.  which  is  cniinecte.l  with  a  small  cistern  containing  alcohol.     ] 
me  in  the  flask  is  rapidly  raised  to  the  boiling-point,  and  alcohol  is 
allov  iss  slowly  in  from  the  reservoir  through  a  >iphon  i'nrni>ln-d 

with  a  stopcock,  so  as  to  keep  tlie  lii|iiid  in  the  tla^k  at  a  constant  lr\.  1. 
A  thermometer  should    1-e    immersed    in    the    liquid,  t  he  t«-m|.erat  in 
which   should  be  maintained  at  284°  to  290     I.      Eh   khb  pooeit.  OIM 
measure  of  sulphuric  acid  will  otlect  th«-  Ion  into  ether  of  thirty 

measures  of  alcohol. 

lx>iling-point  of  etlu-r  l»eing  very  low  (94.8°  F.)  necessitates  the 
employment  of  a  good  c<>n<li  using  arrangement  in  this  process. 

The  liquid  which  distils  over  contains  about  tw.. -thirds  ,,f  it-  in 
of  ether,  with  about  one-sixth  of  water,  and  an  equal  quantity  of  alcohol. 

•  •s  ,,f  Milphurous  acid  are  also  generally  present.    To  obtain  thr  ; 
ether,  it    i-    >haken  with  \\atercontaininLT  a   little  carbonate  of  p-'a-li. 
when  the  water  dissolves  the  alcohol. ami  the  potash  remoM-x  the  xulphur- 
OU6  acid  ;   the  ether  being  !>ible    in.  and    much    lighter 

than  wai  rises    to   the   Miilaee.   holding  a  little  water   in 

solution.      Ti  r  is  drawn    oil'  and  freed  from  water  by  distil- 

lation in  a  \\  low  heat,  OV»M- quicklime. 

chemistry  "f  this  |.rocess  •  :  -  will 

!i-_'ible  after  some  other  changes  to  which  alcohol  i>  liable 
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The  most  striking  properties  of  ether  are  its  peculiar  odor  and  its 
great  volatility;  its  rapid  evaporation  when  poured  upon  the  hand  gives 
rise  to  a  sensation  of  intense  cold;  and  if  a  little  ether  be  evaporated  by 
blowing  upon  it  in  a  watch-glass  with  a  drop  of  water  hanging  from  its 
convexity,  the  water  will  be  speedily  frozen.  Ether  is  also  exceedingly 
inflammable;  and  since  its  vapor  is  very  heav}T  (sp.  gr.  2.59),  and  passes 
in  an  unbroken  stream  through  the  air  for  a  considerable  distance,  great 
care  should  be  taken  to  avoid  pouring  it  from  a  bottle  in  the  neighbor- 
hood of  a  flame.  Its  flame  is  far  more  luminous  than  that  of  alcohol,  and 
much  acetylene  is  produced  during  its  imperfect  combustion  (p.  124). 

The  high  specific  gravity,  volatility,  and  inflammability  of  ether  vapor  admit  of 
illustration  by  some  curious  experiments  : 

If  a  small  piece  of  sponge  be  saturated  with  ether  and  placed  in  the  centre  of  a 
large  wooden  tray,  two  or  three  inches  deep,  the  latter  will  soon  be  entirely  filled 
with  the  vapor,  as  may  be  shown  by  applying  a  lighted  match  to  one  corner.  A 
jug  may  be  warmed  by  rinsing  a  little  hot  water  round  it,  and  this  having  been 
thrown  out,  a  few  drachms  of  ether  may  be  poured  into  the  jug,  which  will  imme- 
diately become  filled  with  ether  vapor,  and  from  this  several  glasses  may  be  filled 
in  succession,  the  presence  of  the  ether  vapor  being  proved  by  a  lighted  taper. 

A  pneumatic  trough  may  be  filled  with  warm  water,  a  small  test-tube  filled  with 
ether  inverted  with  its  mouth  under  the  water,  and  the  ether  quickly  decanted  up 
into  a  gas  jar  also  filled  with  hot  water,  where  it  will  be  immediately  converted  into 
vapor,  and  may  be  decanted  through  the  water  into  other  vessels,  and  dealt  with 
like  a  permanent  gas.  Some  cold  water  poured  over  the  jar  containing  it  at  once 
proves  its  condensable  character. 

When  ether  is  acted  upon  by  hydrochloric,  hydrobromic,  or  hydriodic 
acid,  the  oxygen  of  the  ether  enters  into  combination  with  the  hydrogen 
of  the  acid,  and  the  chlorine,  bromine,  or  iodine  occupies  its  place. 

Thus,  with  hydrochloric  acid  — 

(C2H5)20  (Ether)  -f    2HC1   ==    2C2H6Cl(^rfr0cWorfcefller)+    H20. 

In  a  similar  manner,  hydrobromic  ether,  C.2H5Br,  and  hydriodic  ether, 
C2H5I,  may  be  formed.  The  best  method  of  obtaining  the  two  last,  how- 
ever, consists  in  distilling  moderately  strong  alcohol  with  phosphorus, 
and  either  bromine  or  iodine,  when  phosphovinic  or  phosphethylic  acid 
and  hydriodic  ether  are  formed  — 

12C2H60  +  P2  +   I10  =  10C6H.I  +  2H20.(C2H5)2O.P205  +  ^O.1 

Alcohol.  Pbosphovinic  acid. 

These  three  ethers  are  colorless,  fragrant,  volatile  liquids,  which  are 
of  the  greatest  value  in  the  investigation  of  the  constitution  of  complex 
organic  compounds. 

This  remark  applies  particularly  to  hydriodic  ether  (iodide  of  ethyle), 
which  is  less  volatile  than  the  others,  and  therefore  more  easily  manage- 
able in  experiments  requiring  a  high  temperature. 

Iodide  of  ethyle,  or  ethylic  iodide,  is  prepared  by  distilling  1400  grains  of  ordinary 
alcohol  (sp.  gr.  0.84)  with  2000  grains  of  iodine,  and  100  grains  of  ordinary  vitreous 
phosphorus.  The  iodine  and  phosphorus  are  added  alternately,  in  small  portions, 
to  the  alcohol  in  the  retort,  which  is  immersed  in  cold  water  to  moderate  the  action, 
and  occasionally  shaken.  When  the  whole  has  been  added,  the  retort  is  connected 

1  It  will  be  seen  that  this  change  is  precisely  similar  to  that  which  occurs  in  the  preparation  of 
hydriodic  acid  by  the  simultaneous  action  of  phosphorus  and  iodine  upon  water  — 


12HjO  +  Pa  +  T,o  =  10HI  +  2HaO.H3O.P,jO5  +  4HaO. 
35 
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-«T,  and  heated  in  the  wat.T-t.nth.  v  2J  measured 

vie  mixed  with  ui«.liul  will  pa-  !iis  is  shak- 

ibout  an  equal  measur  -»lves  the  :> 

leaving  th.-  i...li.l.-  of  «-thyl«-  t.»  •  •.•ll.Tt  »t  tin-  »K>tu»m  as  an  oilv  layer  (sp.  gr 

.14  much   as  possible  -r  has  oeen  removed  with  H 

•r  pi^Ue,  the  iodide  IM  }x>ured  into  H  nmall  rsfsK  riuitainini;  fu--<l  .-hlorid.- 
mi  in  l>'iu  The  retort  is  closed  w  r  nndset 


the  i'-h'S-'  <>('  I'thyle  may  be  distilled  off  in  the  water- 
L 

371.  ALCOHOL-HAM.  \i .>._ Ifethylic  iodide  be  poured  over  grain 

ntain.-d  in  a  stout  glass  tube,  which   is  then  exhausted  of  air, 

•ill •<!,  and  heated  for  two  hour-,  in  an  oil-both  to  :5" 
:i  <  i  \  -tallinc  substance  is  deposited,  which  is  a  compound  of  iodide  of 
zinc  with  /inc-«-thvU-  (('  II  )  Xu.  whilst  a  colorless  liquid  separates,  con- 
_r  of  a  mixture  of  thn-i-  hydrocarbons,  which  h:i\«  !..-» n  liquefied  by 
.un  pressure.     On  lnvakini;  the  extremity  of  ttu-  tul»«-  under  water, 
this  liquid  mpidlv  c-«  -apt  •>  in  tin-  form  of  gas,  which  proves  on  examina- 
tion to  contain  olefiant  gas  (C,H4),  hydride  of  ethyle  (C,II. ),  ami 
(0  II     .  the  last  of  which  may  l»c  obtained  nearly  pure  by  collecting  the 
it  ions  of  gas  separately,  since  ethyle  is  the  least  volatile  of  tin  M 
hydrocarbons. 

•  cting  the  secondary  decompositions  which  give  rise  to  the  other 

•lie  formation  of  ethyle  would  be  represented  by  the  simple 
equation — 

2C,HSI  4-  Zn  =  Znl,  +  (C71 1 

Kthyle  is  a  colorless  gas,  having  a  faint  ethereal  smell.  in<oln 
water,  and  requiring  a  pressure  of  two  or  three  atmospheres  for  its  lique- 
faction. The  int. -rest  which  attaches  to  it  is  due  to  its  being  regard.-. I 
by  many  chemists  as  the  radical  or  starting-point  of  the  series  of  com- 
pounds derived  from  vinic  alcohol,  which  is  thence  spoken  of  as  the 
ethyle  M-rieN,  and  tlii>  view  of  the  constitution  of  those  compounds  was 
>r  long  before  the  compound  (CJIj),  was  obtained  in  the  separate 
state,  this  being  a  discovery  of  recent  date. 

Mention  has  already  been  made  of  the  existence  of  another  radical. 

•  <  <  'II  »  .  obtained  by  a  similar  process,  which  may  be  regarded 
as  the  starting-point  of  the  wood 

ile  (C4Hf),,  omyte  (CsHn),.  and  (C.HU),  the   supposed 

radicals  of  the  l.ntylic.  am\lic.  and  caproic  alcohols,  have  also  been  ob- 
tained, these  being  liquids  with  progressive  boiling-points.     \\ '••  :u«  thus 
in  possession  of  several  members  of  a  homologous  series  of  hyl 
bons,  which  may  be  ted  the  f//.-»iW-/-W/r,//.<.  and  represented  by 

the  general  formula  (C.H,.  +  t)r 

If  a  mixture  of  iodid.-  of  eth\  !«•  and  iodide  of  amyl«-  '<'  H    [,pre] 
from  fousel  oil  just  as  iodide  of  ethyle  is  t  •  -1;  be  IH -at. -d  with 

so.limn,  a  colorless  liquid  is  obtained,  which  is  a  true  combinaii 
ethyle  and  amyle  (Cjli^HJ— 

«    IISI  -H  C4H,,I  4-  Na,  =  2NaI  +  C,H  .<    H  , 

lodUeof        Iodide  of  l 

saq 

-imilarn;  'I    (     1 1     .•.-.-,.  '  'II  . 

C  il     .'<  ftyle-amjk  04B  ,0  il     ,aad  i.n.yleK',!^ .r.ll. 

been  obta. 
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These  double  radicals  all  yield  two  volumes  of  vapor  for  each  molecule 
of  the  compound,  showing  that  the  empirical  formula  for  methyle  (CH3), 
which  furnishes  only  one  volume,  must  be  converted  into  that  of  a  double 
radical,  methyle-methyle  (CH3.CH3),  which  would  give  two  volumes  of 
vapor,  and  in  a  similar  manner,  ethyle  would  become  (C2H5,C2H5),  bntyle 
(C4H9,C4H9).  and  so  on. 

This  duplicate  nature  of  the  radicals  at  once  explains  the  circumstance 
that  they  do  not  unite  directly  with  chlorine,  bromine,  &c.,  as  might 
have  been  expected.  Thus  ethyle,  with  iodine,  does  not  combine  to  form 
iodide  of  ethyle,  because  the  ethyle  itself  is  an  ethylide  of  ethyle. 

Again,  the  formation  of  zinc-ethyle  (C2II5)2Zn,  and  of  hydride  of  ethyle 
(C,H,H),  during  the  action  of  zinc  upon  iodide  of  ethyle,  becomes  in- 
telligible upon  this  view.  Indeed,  the  first  stage  of  this  action  appears 
to  consist  in  the  formation  of  zinc-ethyle — 

2C2H5I   +  Zn2  =  (C2H5)2Zn  +  ZnI2. 

Iodide  of  ethyle.  Zinc-ethyle. 

In  the  second  stage,  the  zinc-ethyle  acts  upon  a  fresh  portion  of  iodide 
of  ethyle,  producing  iodide  of  zinc  and  the  double  radical  ethyle — 

2C2H5I  4-  (C2H5)2Zn  =  ZnI2  +  2(C2H5.C2H5). 

Iodide  of  Zinc-ethyle.  Ethyle. 

ethyle. 

The  hydride  of  ethyle  itself  clearly  corresponds  to  the  double  radical 
ethyle,  one-half  of  which  is  replaced  by  an  atom  of  hydrogen  (C2H5.H). 

The  simultaneous  formation  of  hydride  of  ethyle  and  of  olefiant  gas 
during  the  action  of  zinc  upon  iodide  of  ethyle,  might  be  represented 
by  the  equation — 

2C2H5I  +  Zn  =  ZnI2  +  C2H..H  +  C2H4 

Iodide  of  ethyle.  Hydride  of  ethyle. 

Hydride  of  ethyle  is  the  representative  of  a  series  of  homologous  hydro- 
'  carbons,  of  which  the  first  member,  the  hydride  of  methyle  (CH3.H),is 
identical  with  marsh-gas. 

The  following  table  exhibits  some  of  the  chief  members  of  the  marsh- 
gas  series  of  hydrocarbons  (general  formula  CnH2/l  +  2),  as  well  as  the  cor- 
responding alcohol  radicals,1  having  the  general  formula  2(CnH2«  +  x) — 

Radical.  Hydride.3 

Methyle,     .     .     .  CH3.CH,  CH3.H  =  CH4 

Ethyle,  ....  C2H5  C2H5  C2H5.H  =  C2H6 

Butyle,  ....  C4H9.C4H9  C4H9.H  =  C4H10 

Amyle,  ....  C5HU.C5HU  C5HU.H  =  C5H12 

The  first  three  of  these  hydrides  are  gaseous,  the  last  a  volatile  liquid. 

If  ethyle  (C2H5)2  =  E2be  accepted  as  the  radical  of  the  alcohol  series, 
then  ether  (C2H5)2O  would  become  the  oxide  of  ethyle,  and  alcohol 
(C2H5HO),  the  hydrate  of  ethyle ;  and  it  will  be  seen  that  upon  this 
view  a  considerable  number  of  the  relations  of  these  bodies  can  be 
readily  explained. 


1  See  also  American  petroleum,  p.  497. 

3  Each  of  these  hydrides  is  isomeric  with  the  radical  immediately  preceding  it.    Thus  hydride  of 
ethyle  has  the  same  composition  as  methyle,  and  is  regarded  by  some  chemists  as  identical  with  it. 
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372.  On  referring  to  1  livdrorh!  ter,  it 

will  !>e  -i. -n  to  resemble  exactly  that  of  the  same  arid  upon  tin-  basic 

le  of  a  in-  -i-tingm  an  exchange  between  tin-    chlorine  of 

i   the  oxygen  of  the  base.     < 'hloride  of  eth\  dso 

be  prod  i.  of  hydroeUorlfl  arid  upon  alcohol    BHO  . 

just  as  chloride  of  potassium  is  prodm  -»-d  l.\  the  action  of  that  acid  upon 

caustic  potash — 

EHO  (At***)  +  HC1  =  EC1  «*ioH**<aw  +  H,O. 

It  would  be  expected  that  tlie  action  of  other  acids  upon  alcohol  would 
correspond  to  their  action  upon  caustic  potash,  an«l  \\ith  several  a< 
this  is  really  the  east-,  although  it  is  far  more  difficult  to  break  up  the 
•  •1  than  the  caustic  potash. 

If  alcohol  be  boiled  lor  many  hours  with  dry  oxalic  acid  <  II  < '  nt)  in 
a  flask  provided  with  a  long  tube,  SO  that  the  volatili/ed  alcohol  ma\  run 
back,  it  is  found  that,  on  diluting  the  solution  with  water,  a  hea\\  fra- 
grant liquid  separates,  which  has  the  composition  (CjH5),CaO4,  and  i- 

teriiM 

may  be  thus  represented — 
L'KHO  +  H,C,04  =  E,C,04  +  H,0. 

Alcohol.          Oxalic  Kid.       Oxalic  ether. 

It  is  formed  far  more  easily  in  the  presence  of  strong  sulphuric  aeid. 
since  this  develop*  «ther(E,0)  whieh  i*  decomposed  by  the  oxalic  arid. 

latnient  with  caustic  potash,  the  oxalic  ether  is  de« 
yielding  oxalate  of  potash  and  alcohol;  thus — 

E,C,04  +  2KHO  ==  K,C,04  +  2KH<> 

T.iit  if  oxalic  ether  be  mixed  with  only  half  the  quantity  of  cau-tir 
potash  required  for  this  decomposition,  there  is  obtain.  i  of  oxa- 

late of  potash,  a  salt,  crystallizing  in  pearly  scales,  having  the  eompo- 
n  KKC.o,,  the  formation  of  which  is  easily  understood — 

E,C,04  +  KHO  =  KEC,04  +  EIK  >. 

Oxalic  et )  Oxalovlnate  of  poUsh. 

By  decomposing  this  salt  with  hydrofluosilicic  acid  (see  p.  218)  to 
move  the  potassium  in  an  insoluM.   form,  a  new  acid  i>  obtained.  \\  hi.-h 
has  the  comjwsition  HEC,O,.  and  is  tall. 

icntlybe  also  called  the  l.inoxalate  o! 

Lion  to  the  l.inoxalate  of  potash,  KHC,O4. 

Most  of  the  acids  form  ethers  corresponding  to  oxalic  rthei  .  thu-,  !>y 

distilling  acetic  acid  with  alcohol  and  sulphuric  aeid,  and  diluting  the 

•;l|.d  liquid   with  water,  act/  B<     IM>      il  .  irinark- 

•    od,,r.  which   has  a  share    in    the    p«-rfiiine  of 

v,  \inrgar.  and  of  many  \1- 

•    under  t !. 

'//./•,  and  .  ally  a  solution  of  nitron^   ,-i  her 

•     :;      $Q      ii  alcohol,  and  i->  fonned  whrn  ah-ohol  i^  .li^tilled  uMli  i: 
acid.  "inplieat.  '  ion 

,  at  theexpen-e  .,!  a  part  of 
the  nitric  acid — 

2(C,H.O)     +     UNO  r  II  n  c  II  \<>       -      -II  « >. 

A    :          :  Minium  tl. 
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Nitrous  ether  is  a  very  volatile  liquid,  characterized  by  a  powerful 
odor  of  rennet-apples,  and  in  the  pure  state  decomposes  spontaneously, 
evolving  nitric  oxide. 

True  nitric  ether  (ENO3)  may  also  be  obtained  as  a  fragrant,  heavy,  oily  liquid, 
by  distilling  alcohol  with  nitric  acid,  under  certain  precautions.  It  is  decomposed 
with  explosion  at  a  temperature  of  about  200°  F. 

By  the  action  of  nascent  hydrogen  upon  nitric  ether,  a  basic  substance  is  produced, 
which  has  been  named  hydroxylamine,  in  allusion  to  its  remarkable  formula,  NH3O, 
which  might  be  regarded  as  ammonia,  NH3,  in  which  one  atom  of  hydrogen  is  re- 
placed by  hydroxyle,  HO  — 

C2H5N03    +    H6    =    C2H5HO     +    H2O    +    NH3O. 

Nitric  ether.  Alcohol.  Hydroxylamine. 

In  order  to  obtain  this  base,  5  parts  of  nitric  ether  are  acted  on  by  12  parts  of  tin 
and  50  parts  of  concentrated  hydrochloric  acid.  When  the  action  is  over,  the  alcohol 
is  expelled  by  heat,  the  tin  precipitated  by  hydrosulphuric  acid,  the  solution  evapo- 
rated to  dryness,  and  the  residue  boiled  with  absolute  alcohol,  which  leaves  some 
hydrochlorate  of  ammonia  undissolved.  The  hydrochlorate  of  hydroxylamine 
(NH3O.HC1)  crystallizes  in  long  needles  from  the  alcoholic  solution.  From  the 
sulphate  of  hydroxylamine,  by  decomposition  with  baryta,  a  solution  of  the  base 
itself  may  be  obtained  ;  but  pure  hydroxylamine  has  not  been  isolated  from  the 
solution,  since  it  has  a  tendency  to  decompose  into  ammonia,  water,  and  nitrogen  — 

3NH30    =    NH3    +     N2    +    3H20. 
Hydroxylamine. 

Hydroxylurea  CH3(HO)N20,  or  urea  in  which  hydrogen  is  replaced  by  hydroxyle, 
has  also  been  obtained. 

The  chloric  ether  used  for  medicinal  purposes  is  not  an  ether  in  the  true  sense  of 
the  term,  but  a  solution  of  chloroform  (CHC13)  in  alcohol.  Chloroform  will  be 
more  particularly  described  hereafter. 

Perchloric  ether  (C2H5)C1O4,  is  only  interesting  from  the  circumstance  that, 
although  an  oily  liquid,  it  explodes  violently  under  a  sudden  blow. 

Boracic  ether,  which  has  the  formula  E3BO3,  is  formed  when  terchloride  of  boron 
is  decomposed  by  alcohol  — 

BC13    +     3(EHO)     =    E3B03    -f    3HC1, 

and  may  also  be  obtained  by  heating  anhydrous  boracic  acid  with  an  excess  of 
alcohol  under  pressure.  It  is  lighter  than  water  (sp.  gr.  0.88)  and  boils  at  246°  F. 
When  heated  with  anhydrous  boracic  acid,  it  is  converted  into  E2O.B2O3,  which  is 
decomposed  by  heat  into  E3BO3  and  E2O.3B2O3,  the  latter  being  a  vitreous  solid. 

When  chloride  of  silicon  is  decomposed  by  alcohol,  the  compound  2E2O.SiO2  is 
produced  — 

SiCl4    +    4(EHO)     =    2E2O.SiO2  (Silicic  ether)    _|-  4HC1. 

This  silicic  ether  is  a  colorless  liquid,  of  sp.  gr.  0.93,  and  distilling  unchanged  at 
330°  F.  It  has  an  ethereal  odor,  and  burns  with  a  brilliant  flame,  which  deposits 
silica.  When  poured  upon  the  surface  of  water,  it  gradually  decomposes,  with 
separation  of  gelatinous  hydrated  silica  — 

2E2O.Si02    +    2H20     =    4(EHO)  (Alcohol)    +    SiO2. 

When  the  ether  is  kept  in  a  moist  atmosphere,  it  deposits  a  hard  transparent 
mass  of  silica,  known  as  artificial  quartz. 

Two  other  silicic  ethers  have  been  obtained,  having  respectively  the  composition 
E2O.SiO2  and  E2O.2SiO2;  the  former  liquid,  the  latter  viscous. 

Carbonic  ether  (E2O.CO2)  may  be  obtained  by  heating  carbonate  of  silver  with 
iodide  of  ethyle  in  a  sealed  tube  ; 

Ag2O.CO2    -f-     2EI     =    E2O.CO2     +     2AgI. 

The  compound  2E2O.CO2  has  been  obtained  by  the  action  of  sodium  upon  an  alco- 
holic solution  of  chloropicrine  — 


CC13(N02)  +  4(EHO)  +  Na4  =  3NaCl  +  NaN02  +  2E2O.CO2  -f 

Chloropicrine.  Alcohol.  Subcarbonate  of 

ethyle. 
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ttcid  is  passed  through  a  solution  of  hydrate  of  potash  in  absolute 
••••I,  the  carbovinatc  of  potasH  is  obin  rysUls,  having  the  c«  ; 

<  >„  corresponding  to  bicarbonate  of  potash,  KHCO,. 

>••  compound  2H.O.E,O.P,OS, 
hotphurinit  acid,  U  formed,  and  by  neutralizing  it  with  a  base,  a  phoipnvrinnte  may 


potpurnt 

be  obtained,  composed  after  the  general  formula  2M/O.E,O.P.O.. 

A  second  acid  is  formed  at  the  same  tim<>,  having  tin-  formula  H.O.2E.O.P.O.,  its 
stlts  being  M    <  l'h...,.>,..vi,,i.  a,  abundantly  in  the  residue 

from  the  preparation  of  iodide  < 

The  true  phosphoric  ether  (8£,O  P,O6)  i*  also  said  to  have  been  obtained. 

The  tru-  ued  by  passing  the  vapor  of 

anhydrous  sulphuric  acid  into  i-tln-r.  It  is  an  oily  liquid,  heavier  than  water,  and 
decomposed  by  heat,  uletiant  gas  and  alcohol  l>  .  amongst  the  product 

1,6  =  (C.H6),0. 

The  fragrant  liquid  known  as  /,.  ,s  hidi  is  formed  towards  th- 

part  <>f  tin-  preparation  of  ether  ana  of  oletiant  gas  (page  126),  appears  to  contain 
the  sulphate  of  oxide  of  ethyle,  together  with  some  hydrocarbons  of  the  olcflant  gas 
series.  When  decomposed  with  a  solution  of  potash,  litjht  oil  of  wine  rises,  which 
contains  hydrocarbons  of  the  oleflant  gas  series. 

373.  When  ether  or  alcohol  is  added  to  concentrated  sulphuric 
much  heat  is  evolved,  in  consequence  of  tin-  oom^foatiomof  tbt  ozideof 
ethyle  with  sulphuric  acid,  to  form  ^///./,M.-/W,-  or 
H,O.E,O.2SO,  or  bisulphate  of  oxide  of  ethyle,  corresponding  in  com- 
position to  the  bisulphate  of  potash,  K  <  >  1  1  ().2SOr  If  baryta  he  now 
added  to  the  solution,  the  unconibined  ralphorio  acid  will  l.c 
in  the  form  of  sulphate  ofliarvta.  l.nt  the  snl|>li<»vinic  acid  will 
with  the  base  to  form  the  stilphovinate  of  baryta,  which  may  be  ol.t  aim--  1. 
)*\  c\:i|Hiiating  the  solution,  in  rhombic  ])ri>ms,  \\ln.-h  ha\i-  t!i<  I'oiinula 
.•j..  and  are  easily  soluble  in  water.  I'.y  cautiously 
adding  sulphuric  acid  to  the  solution  of  sulphovinate  of  baryta  till  the 
whole  of  the  baryta  is  precipitated  as  sulphate,  and  evaporating  the 
filtered  liquid  in  mmn,  the  pure  sulphovinic  acid  is  obtained  as  a  syrupy 
li<[uid  liable  to  spontaneous  decomposition,  and  readil\  di-comp..-.  d.  when 
heated  with  water,  into  alcohol  and  sulphuric  :. 


1  1  <  ).E,0.2SO,    +     2H,O     =     2(H,O.SO,)     -f 

SolpboTioic  scid.  ,„!. 

The  siilp|i,)vinate  of  soda,  prepared  by  decomposing  the  baryta-salt 
with  carbonate  of  soda,  is  used  medicinally  in  (ii-rmany. 

Vinic  Acids  are  not  formed  by  Monobasic  Acid*.  —  It  must  be 

that  although  the  greater  number  of  tl  .<  -iv  capable  of 

forming  ethers,  only  a  few  of  them  produ«  •«•  vinic  acids.     Iml.  «  -.1.  only 

those  acids  form  vinic  acids  which  •.-.  :«  .piitt  HK.K  than 

one  atom  of  a  metal   for  tin-    formation  <>!'  a  normal  .  the 

v  to  form  a  vinic  acid  depending  upon  the  possibility  oi  n  pla. 
a  p"  ','cn  in  the  hydrati-d  acid    by  ethyh-.      In  the  case 

of  nitric  acid,  which   is  undoubtedly  a  mon.  not 

Ion  .innla  of  the  arid 

bein-  UNO*  till          i  "gen  must  be  -  :  at  all  replaced  by  the 

:.-. 

pho\ini<  M  posed 

by  i  presence  of  excess  of  ah-ohol.  a  lar-je  pr..| 

lion  of  rtlu-r  is  found  amon-  tin-  products,  and  this   ha*  ^;  :•)  a 

I  that  tlu-  production  of  Milpho\  : 
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acid  is  an  intermediate  stage  in  the  formation  of  ether  by  the  ordinary 
process  of  distilling  alcohol  with  sulphuric  acid.  At  first  sight  it  would 
appear  that  the  etherification  of  alcohol  in  this  process  was  sufficiently 
explained  by  reference  to  the  attraction  of  sulphuric  acid  for  water,  and 
consisted  in  a  simple  removal  of  water  from  the  alcohol  by  the  acid, 
for— 

2C2H60   -  -  HaO  =   C4H100. 

Alcohol.  Ether. 

When  it  is  found,  however,  that  a  continuous  stream  of  alcohol,  flowing 
into  heated  sulphuric  acid  in  a  retort,  is  converted  into  ether  and  water, 
which  is  not  retained  by  the  sulphuric  acid,  but  distils  over  with  the 
ether,  and  that  this  may  go  on  almost  without  limit,  this  explanation  is 
no  longer  tenable. 

Accordingly,  the  formation  of  ether  from  alcohol  by  the  action  of  sul- 
phuric acid  is  generally  referred  to  the  formation  of  sulphovinic  acid,  as 
soon  as  the  alcohol  and  the  acid  are  brought  in  contact,  and  the  subse- 
quent decomposition  of  this  sulphovinic  acid,  in  the  presence  of  water 
or  alcohol,  into  hydrated  sulphuric  acid,  water,  and  ether ;  thus — 

H2O.E20.2S03   +    H?O   =   2(H2O.S03)    +    E20,  or 

Sulphovinic  acid.  Ether. 

H2O.E20.2S03   +    (2EHO   =   2(H2O.S03)   +    2E20. 

Sulphovinic  acid.  Alcohol.  Ether. 

The  hydrated  sulphuric  acid  thus  set  free  would  of  course  give  rise  to 
the  formation  of  a  fresh  quantity  of  sulphovinic  acid,  which  would  be 
decomposed  in  its  turn,  and  so  on  without  limit. 

A  strong  argument  in  favor  of  this  view  is  deducible  from  the  follow- 
ing experiment : 

When  amylic  alcohol  (the  amylic  hydrate  C5HUHO)  is  mixed  with  con- 
centrated sulphuric  acid,  it  forms  sulphamylic  acid  (C5Hn)2O.H20.2S03, 
corresponding  to  sulphovinic  acid,  and  if  this  be  heated  in  a  retort,  and 
alcohol  be  allowed  to  flow  into  it,  as  in  making  ether,  the  first  portion  which 
distils  over  is  found  to  be  a  true  double  ether  molecule  (C2H5.C5HnO), 
the  production  of  which  would  be  represented  by  the  equation — 

H20.(C5H11)20.2S03  +   2C2H.HO   ==  2(C2H5.C5Hn.O)   +    2(H2O.SO)3. 

Sulphamylic  acid.  Alcohol.  Amylethylic  ether. 

On  continuing  the  distillation,  nothing  but  ordinary  ethylic  ether  is 
obtained. 

The  existence  of  these  double  ethers  might  have  been  anticipated  from 
what  has  been  said  with  respect  to  the  double  radicals  (p.  547),  but  the 
mode  of  formation  in  the  above  instance  certainly  affords  support  to  the 
view,  that  ether  results  from  the  decomposition  of  sulphovinic  acid  by 
alcohol  in  the  ordinary  etherifying  process. 

On  the  other  hand,  this  theory  of  etherification  is  shaken  by  the  cir- 
cumstance, that  if  vapor  of  alcohol  be  passed  into  boiling  sulphuric  acid, 
of  sp.  gr.  1.52  (boiling  at  290°)  almost  the  whole  of  the  alcohol  is  re- 
solved into  water  and  ether,  which  distil  over,  so  that  either  no  sulpho- 
vinic acid  is  formed,  or  it  is  only  formed  to  be  immediately  decomposed. 
If  the  acid  have  the  sp.  gr.  1.61  (boiling  at  330°),  no  ether  is  obtained, 
the  alcohol  being  resolved  into  olefiant  gas  and  water. 

Moreover,  hydrated  phosphoric  acid  cannot  be  substituted  for  the 
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sulphuric  acid  in  the  preparation  of  ether,  notwithstanding  that  it  also 
forms  a  vi 

Hence,  many  chemists  are  im-lined  to  attrilmte  to  sulphuric  acid  a 
specific  action  by  contact   (ooioJyfl  upon  alcohol,  causing  its 

resolution  into  water  and  ether,  or  olefiant  gas,  according  to 

This  view  receives  some  confirmation  from  the  behavior  of  sulphuric 
acid  towards  cellulose  and  certain  other  substances,  in  which  it  causes 
important  transformations,  without  itself  appearing  to  take  part  in  the 
ige. 

In  e.Minertion  with  this  sul.jert.  it  is  i.  \  interesting  to  observe, 

ihat  alcohol  may  actually  he  reproduced  from  olefiant  gas  and  water  under 
the  influence  of  sulphuric  acid.  If  con.  nupbnrio  a.  id  !.. 

lrnt  ly  agitated  in  a  vessel  containing  olefiant  gas,  the  latter  is  absori 
and  on  diluting  the  acid  with  water  and  distilling,  a  quantity  of  alcohol 
is  obtained. 

Alcohols  and  Ethers  Referred  to  tf»  I'ype- — When  potas- 

M  or  sodium  is  thrown  into  absolute  alcohol,  the  metal  is  dissolved 
with  disengagement  of  heat  and  rapid  evolution  of  hydrogen,  and  a 
crystalline  compound  is  formed,  known  as  p<>>  v  of 

potash)  or  sodi  >/  //  'hi/late  of  soda),  and  containing  an  atom  of  the 

metal  in  the  plac«-  of  an  atom  of  hydrogen  ;  the  action  of  potassium  upon 
alcohol  would  be  thus  represented— 

C,H5HO  MtoM)   +   K  =   C,H5KO  <J^«~*»A«O   +    H. 

Other  alcohols  behave  in  a  similar  manner.  Xo  one  can  fail  to  be  struck 
with  the  similarity  which  exists  between  the  action  of  potassium  upon 
alcohol  and  upon  water,  and  chemists  have  naturally  endeavored  to  refer 
both  actions  to  a  common  type. 

The  decomposition  of  water  by  potassium  is  represented  by  the  equa- 
tion— 

Hv  TT"  *fc 

I     f\  W-  K     '     f\  TT 

HP  ll/ 

Alcohol  may  be  represented  with  equal  fitness,  as  water  in  which  half 
the  hydro-,.  „  is  ,-eplared  l.yethyleiC  II  .  1. 1  in.  and  the  action  of 
potassium  upon  it  may  be  thus  expressed — 

>    +   K  = 

r.  •  M|  a  - 


i  similar  manner  sodium-alcohol  would  1»   t<>n 

When  sodiuni-alc'iliul  is  heated  in  a  -ealed  tul.e  with  tin-  iodide  of  on,- 
of  the  aio.liol-radiraU.  the  N.,diuiu  eoinoines  with  t!  .  whiUt  the 

alcohol-radical  enters  into  the  plaee  <»f  the  ;id  a  douMe  ether  N 

Thu>.  it  iodide  of  methyl.  K  11  I  ,  l.«-  decomposed  by  sodium-alcohol— 


CH.I     +  o    =    Nal     +     c 


1  Thallium-ftlcoho!  M.lno.1  M  »  rolorlm  liquid  remarkable  for  it*  high 

ire  aoddU|H 


MERCAPTAN.  553 

-pi     -\ 

In  a  similar  manner  atnyl-ethylic  ether,  ^  -rr    r  0,  would  be  produced. 

^S11!!  ) 

Again,  if  iodide  of  ethyle  be  decomposed  by  sodium-alcohol,  common 
ether  is  obtained,  and  the  action  must  in  consistency  be  similarly  ex- 
plained— 


0     =    Nal     +      cHf0' 

Sodium-alcohol.  Common  ether. 

Alcohol  and  ether  are  constituted  upon  the  same  type,  that  of  a  mole- 
cule of  water,  and  bear  to  each  other  the  same  relation  as  exists  between 
caustic  potash  and  potash  ;  thus — 

Potassium  series.  Ethyle  series. 

Potassium,       .         .     K2 


K  ") 
Caustic  potash,         .     TT  r  0 

Potash,     .        .         .     5 }  O 


(C2H5)2         Ethyle. 
2TT5  !•  O      Alcohol. 


s 

x> 


0      Ether. 


377.  Compounds  have  been  obtained  corresponding  to  alcohol  and  ether,  in  which 
the  place  of  the  oxygen  is  occupied  by  sulphur,  and  which  bear  the  same  relation  to 
hydrosulphuric  acid  as  alcohol  and  ether  bear  to  water. 

TT    -. 

Type. — Hydrosulphuric  acid,  -  vS 


p  \  S        Sulphide  of  potassium, 

PHI  TT  1 

Mercaptan,         .         .      2^5  V  S         Hydrosulphate  of  potassium,     g  J-S. 

All  these  compounds  are  distinguished  for  their  powerful  odor  of  garlic.  This  is 
especially  the  case  with  mercaptan,  which  is  notoriously  one  of  the  most  evil-smell- 
ing chemical  compounds.  It  is  prepared  by  distilling  solution  of  hydrosulphate  of 
potassium  (obtained  by  saturating  potash  with  hydrosulphuric  acid)  with  sulpho- 
vinate of  potash,  or  better,  of  lime — 

KC2H5S04    +    §}S     =    C^}s    +    K2S04. 
Sulphovinate  of  potash.  Mercaptan. 

Mercaptan  is  a  light,  very  volatile  and  inflammable  liquid,  sparingly  soluble  in 
water.  That  it  is  constituted  after  the  type  of  hydrosulphuric  acid  is  shown  by  its 
action  upon  metals  and  their  oxides.  Potassium  acts  upon  it  precisely  as  it  does 
upon  alcohol — 

TT     V  k      ~T~     •**•     ^=         2ir     r  °      ~f~     H. 
Ji    J  j\.    ( 

Mercaptan.  Mercaptide  of  potassium 

or  potassium-mercaptan. 

Its  name  was  bestowed  in  allusion  to  its  action  upon  mercuric  oxide,  when  it 
forms  a  white  crystalline  inodorous  compound,  insoluble  in  water  but  soluble  in 
alcohol — 

2(C2H6)HS    +    Hg"0    =    (C2H5.)2S.Hg"S    +    H2O. 
Mercaptan.  Mercaptide  of  mercury. 

378.  Hydrocyanic  ether  (C2H5.CN  =  ECy),  or  cyanide  of  ethyle,  is  obtained  by 
distilling  sulphovinate  of  potash  with  cyanide  of  potassium — 

KES04    -f    KCy    =    ECy    +    K2SO4. 
Sulphovinate  Hydrocyanic 

of  potash.  ether. 


CYANIDES   OF   ALCOHOL-RADICALS. 

The  cyanide  of  ethyle  is  a  volatile  poisonous  liquid,  smelling  str-n-ly  .,f 
Its  mo-  M*  feature  ist  that  when  boiled  with  a  solution  of  potash,  it  fur- 

nishes propylale  of  poUsh,  whilst  ammonia  is  evolved— 

<    HrCN     +    KHO    +    H,0    =    KC,H60, 
Hydocyanic 


In  a  similar  manner,  the  cyanides  of  all  the  alcohol-radicals,  when  boil..: 

n  .if  {.clash,  yield  the  potash-Hilt  of  tin-  »«  i<l  \\hich  stands  next  in  th« 
logou*  '  -of  methyl*  i  C1I,.C>.  i.o  noUu»h-salt  of  acetic 

tig  to  tli.-  fthyle  series  :  "f  amyle  i< 

potash  t<>  the  caproyle  series,  and  so  on.     This  mode  of  d< 

argues  strongly  that  hydrogen  is  really  the  type  of  these  radicals,  for  when  hv.lro- 
HCN)  is  boiled  with  solution  of  potash,  it  yields  the  potash-s«ll  of 
lowest  member  of  the  homologous  series  — 

J!(  N    +    KHO    +    H,0    =    KOHO,    +    NHr 
Hydrocyanic  acid.  «te  of  poUsh. 

Thus,  leaving  the  potash  out  of  consideration  ; 

H.CN    +    2H,O    =    CH,O,    -|-    NH, 
Cyanide  of  hydrogen.  Formic  acid. 

CH..CN    -f    2H,0    =    CfH40,    4.    Nil, 
Cyanide  of  metbyle.  acid. 


+    2H,O    =    C,H,O,    -f-    NH,. 
Cyanide  of  ethyle,  I  >y  lie  acid. 

A  plausible  explanation  of  these  changes  may  be  gr  -tie  acid 

be  represented  as  ammonia  (NHS),  in  which  two  atom-  ^-n  are 

replaced  by  an  atom  of  carbon  (just  as  two  atoms  of  hydrogen  in  water  are  replaced 
M  atom  of  carbon  to  form  carbonic  oxide). 


=  <°«  +  N       , 

Hydrocyanic  acid.    Wa  Formic  acid.          Ammonia. 


v    ((C 

N  \  • 


.  I;*  }o,  =  <CH«$to-  -*-  x '" 


Cyanide  of  methyle.  A  ,.ti,  add, 

N 
Cyanide  of  ethyle.  Propyllc  acid. 

IPS  of  the  alcohol-radicals  will  be  again  referred  to  under  th.-ir  otln-r 
designation  of  nif 

EAKOD1  1.1:  -i:i:iKS— OR<;  \  \<>M  I;T.\  i.i.ir  Uni»n>. 

One  of  the  most  pleasing  results  of  the  progress  of  im 
in  chc:  discovery  "ft  he  true  |.  i  com- 

IH.UII.I-  uhirh  is  to  be  assigned  to  some  stibstnn  .   hith.-rt..  i.-.-n.l.-.l  a> 
•iloiih,  and   as   d  th«-   s\  nun, -try  an-1  OOM- 

i  ess  of  an  otherwise  |>crfect  class  >•  i  \\:IN  the  ca«.c.  until 

\\ithin  the  last  few  year>.  ,<1  the  Im.li,^  .l»-ri\e.l  IV. mi  it. 

I  l"ng  before  the  -  •  Mi-try  wa-  IM. 

it,  it  taxed  the   iii'jcim:  mi-ts  to  liii-l   a  j.lae.-  for  it  in 

j",mnN.  ami  always  "eeiipie-l  an  aiioin- 
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alous  and  isolated  position.  Modern  research  has  now  brought  to  light 
a  whole  series  of  compounds,  which  would  not  have  been  complete  with- 
out kakodyle,  and  this  hitherto  incomprehensible  substance  has  at  length 
been  assigned  its  proper  place. 

When  a  mixture  of  equal  weights  of  arsenious  acid  and  dry  acetate  of 
potash  is  submitted  to  distillation,  a  heavy  poisonous  liquid  is  obtained, 
which  has  a  most  disgusting  odor  of  garlic,  and  takes  fire  spontaneously 
when  exposed  to  the  air.  This  liquid,  which  has  long  been  known 
under  the  names  of  alcarsin  (arsenical  alcohol),  and  CadeVs  fuming 
liquor,  has  the  composition  C4H12As20,  and  its  production  may  be  rep- 
resented (if  the  various  secondary  products  be  neglected)  by  the  equa- 
tion — 

4(KC2H302)  +  As203  =   C4H12As20  +  2(K2O.CO2)  -f  2CO2. 

Acetate  of  potash.  Alcarsin. 

If  acetic  acid  be  represented  by  the  formula  derived  above  (p.  554)  from  its  forma- 
tion in  the  action  of  water  upon  cyanide  of  mcthyle,  the  formation  of  alcarsin  would 
be  easily  explained.  Acetate  of  potash  would  then  be  represented  by  the  formula 
fOH  \~VL  1 

C    I  ^2)  anc*  ^S  act'on  uPon  arsenious  acid  might  be  thus  expressed  — 


Arsenious  acid.  Acetate  of  potash.  Alcarsin. 

Alcarsin  has  the  properties  of  a  base  ;  it  is  capable  of  combining  with 
the  oxygen  acids  to  form  crystallizable  salts,  and  in  contact  with  the 
hydrogen  acids  it  furnishes  water,  together  with  a  salt  of  the  radical  of 
the  acid.  Thus,  with  hydrochloric  acid,  we  have  — 

C4H]2As20     +     2HC1    =     C4H12As2Cl2     +     HaO. 

Alcarsin.  Chloride. 

The  best  method  of  obtaining  this  chloride  consists  in  dissolving  the 
alcarsin  in  alcohol,  and  adding  an  alcoholic  solution  of  corrosive  sub- 
limate, when  a  white  crystalline  solid  is  obtained,  composed  of  C4H12As2 
O.HgCl2;  and  on  distilling  this  with  hydrochloric  acid  (out  of  contact 
with  air),  another  spontaneously  inflammable  liquid  is  obtained,  of  in- 
supportable odor,  and  composed  of  C2H6AsCl.  By  distilling  this  chlo- 
ride with  zinc  in  an  atmosphere  of  carbonic  acid  gas,  a  third  unbearable 
liquid  is  procured,  which  has  the  formula  C4H12As2,  and  has  been  named 
kakodyle,  in  allusion  to  its  intolerable  odor  (xaxo?,  bad).  This  substance 
is  obviously  the  radical  from  which  the  compounds  just  mentioned  are 
immediately  derived  ;  thus  — 

Kakodyle,  C4H12As2  =  Kd2 

Alcarsin,  or  oxide  of  kakodyle,  C4H12As2O  =  Kd2O 
Chloride  of  kakodyle,  C2H6AsCl  =  KdCl. 

The  remarkable  properties  of  kakodyle  leave  no  doubt  as  to  its  being 
really  the  radical  of  these  compounds,  in  the  same  sense  in  which  potas- 
sium is  the  radical  of  the  oxide  and  chloride  of  that  metal,  for  kakodyle 
enters  into  direct  combination  with  chlorine  and  with  oxygen,  its  attrac- 
tion for  the  latter  being  so  energetic  as  to  cause  its  spontaneous  inflam- 
mation in  the  air. 

The  discovery  of  this  radical,  comporting  itself  in  all  respects  like  a 
metal,  was  of  the  utmost  importance  in  its  effect  upon  organic  chemis- 


f..V,  K  A  KOI, VLB   8BBIB8. 

>ng  ground  for  belief  in  the  existence  of  other 
qua-  licals,  suck   as  ethylc.  im-th  whieh   h:i\,.  only 

ntly  been  isolated.     A  similar  service  had  been  pie\iou-!y  n 
t.i  the  M  ;hc  discovery  of  tin-  compound  r:i.li«-:il  CyOftO; 

belonging  to  tke  electro-negative  class  oppo-«-d  t«>  th«  metaU.  ami  for  a 
long  time  these  two  remained  the  only  compound  radicals  which  had  been 

When  kakodyle  is  brought  gradually  in  contact  witk  oxygen. 

converted  int..  tli.    o\ide  «»f  kakodyle  ((C.HtA8),0),  and  subsequently, 

if  water  be  present,  into  ka  "'id  (UC,H,AsO,  =  HKdO.).  «  btob 

crystals,  unaltered  by  air,  and  destitute  of  poisonous 

char  .'ed  with  hydrochloric  or  hydrosnlplmrie  a<-i'l.  it 

i  K«K'l  )  and  |  ofkako<l  -    • 

Tlit-  most  poisonous  member  of  this  scries  is  tke  cyanide  of  /•«/ 
(C,II.  \    '  \    —  KdCy),  whick  is  easily  ol.tn  i  ystals  by  decora 

posing  cyanide  of  nn-n-nry  in  solution  witk  oxide  of  kakodyle — 

HgCy,    +     Kd,0     =    HgO     +     JK-K  y. 

A  very  minute  (juantity  of  this  substancr  «liiln>< d  in  vapor  through  tin- 
air  ha-  the  most  dangerous  ellect  upon  those  inkaling  it. 

The  following  are   tke  most  important   members  of  tke  kakodyle 
series — 

Kakodyle,  (C.H.As),  =  K<L 
Oxide  of  kakodyl.-,  «    llf,A»),O  =  Kd,O 

Sulphnto  of  kakodyle,  (CJH,A»),O.SO.  =  Kd.O.SO, 

Sulphi.l,-  of  kaktnlyle,  <    H.A^jS  =  K 

ioride  of  kndodyle,  C.B.A«CI  =  K 

Kakodylic  acid,  HC.H.AsO.  =  UKdO. 

..!  ,ilv»-r,  AgC.H, A«6,  =  AgKdO, 
S^quisulj.hide  of  kakodyle,  (C.U,A«),S,=  Kd.8, 

,  hloride  of  kakodyle,  C,H4A»CI,  =  KdCI,. 

380.  Organo- Metallic  Compounds. — Tlu»  only  \\a \  !inur  kak«>- 

."\\n  series  was  to  regard  it  as  an  association  of  arscnu 

i-s  of  metkyle  (CH,),  and  this  sui »!>«•> it  ion  m'ci-»ir 
tlu-  exist  otker  comiwunds  of  a  similar  natmv.  fonm-il.  th 

i  -sociation  of  an  inorgani*   «  1« HM m  witk  a  quasi-nictallic  radical. 

Accordingly,  within  the  last  few  years,  it  has  l><  i  that  by 

ting  tke  iodides  of  metkyle.  ethylc,  and  atnyh-.  with  /.inc,  oomponnda 

of  tkose  radicals  with  the  metal  can  be  obtained,  and  th«  M   compound-. 

kakodyle,  are   distinguished   by  tkcir  remarkable   attraction   r-i 

are  arsenic  and  /.inc  the  only  elements  with  which  lit  aN 

can  be  associated;  boron,  potassium,  sodium,  ma-m-ium.  aluminum. 
Cadmium,  tin,  antimony,  bi-mnth,  lead,   and    mnvury   may   be   ma: 
lar  compounds,  and  tin-  principle   i-   n«»w  fully  .--tabl:.-. 
that  tht-  alcohol  radicals  can  ei.  .mbination  with  im-tal-  to  tonn 

compounds  wkick  are,  in  some  cases,  capal-  •  union  \\ith 

gen  an-!  MgatiYC  eh-mnit-,  lor  which  they  exhibit  a  ^n- 

attraction  than  the  metals  the:. 

ubers  of  this  class  of  or  liodics  which  ha\- 

j ecU  of  some  •  •<   nn|.oitaiit    rr-.-arches  d,-,T\.-    Ip 

dnc  upon  iodide  of  cthvle — 
(C  II.    Zfl        /nlr 
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800  grains  of  bright  freshly  granulated  and  thoroughly  dried  zinc  are  placed  in  a 
half-pint  flask  (E,  Fig.  293),  which  is  connected  with  the  carbonic  acid  apparatus  (A), 


FIG.  293. 


Preparation  of  zinc-ethyle. 


from  which  the  gas  is  passed  through  strong  sulphuric  acid  in  the  bottles  (B  and  C) 
where  it  is  thoroughly  dried.  A  second  perforation  in  the  cork  of  the  flask  (E)  allows 
the  passage  of  the  tube/,  which  passes  through  the  two  corks  in  the  wide  tube  F,  and 
dips  into  a  little  mercury  in  D.  A  stream  of  cold  water  is  kept  running  through 
the  wide  tube  (F),  being  conveyed  by  the  caoutchouc  tubes  t  t.  When  the  whole 
apparatus  has  been  filled  with  carbonic  acid,  the  cork  of  the  flask  (E)  is  removed,  and 
400  grains  of  iodide  of  ethyle  (perfectly  free  from  moisture)  are  introduced,  the  cork 
being  then  replaced.1  The  carbonic  acid  is  again  passed  for  a  short  time,  and  then 
cut  off  by  closing  the  nipper-tap  (T)  upon  a  caoutchouc  connector,  when  the  gas 
escapes  through  the  tube  (G),  which  dips  into  mercury.  A  gentle  heat  is  then  ap- 
plied by  a  water-bath  to  the  flask  (E),  till  the  iodide  of  ethyle  boils  briskly,  the 
vapor  being  condensed  in  the  tube/,  and  running  back  into  the  flask.  In  about  five 
hours  the  conversion  is  complete,  and  the  iodide  ceases  to  distil.  The  nipper-tap  (T) 
i.s  again  opened  and  a  slow  current  of  carbonic  acid  allowed  to  pass;  the  position  of 
the  condenser  (F)  is  reversed  (Fig.  294),  and  the  tube  /  is  connected  by  the  cork  K 

FIG.  294. 


Collection  of  zinc-ethyle. 

with  the  short  test-tube  O;   the  longer  limb  of  a  very  narrow  siphon  (I)  of  stout 
tube  passses  through  a  second  perforation  in  the  cork  (K),  the  shorter  limb  passing 


1  The  process  is  said  to  be  much  accelerated  if  about  one-fiftieth  of  zinc-ethyle  is  dissolved  in  the 
iodide  of  ethyle. 
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into  the  very  short  tot-tube  (P),  the  cork  of  which  i«  also  furnished  with  the  short 
piece  of  moderately  wide  tube  (L).    For  receiving  rind  preserving  the  •/. 
number  of  small  tube*  are  prepared  of  the  form  sh<  295.   The 

neck  (R)  of  one  of  theno  is  pasMtl  do*  t  •  tube  (L)  to  the  bottom  <>f  I',  th< 

N  <  »(  tie-  tube  being  <  :  with  an  apparatus  for  passing  dry  car- 

bonic a  whole  of  the  apparatus  being  filled  with  this  ga*.  tap  i- 

closed,  and  the  flask  (E)  heated  on  a  sand-bath,  so  that  th.  .•  may  distil 


.  ^ow  stream  of  carbonic  acid  being  constantly  passed  Into  P,  th/exceM 
etcapin  ••  enough  zinc-ethyle  has  collected  in  the  tube  (O)  a 

blowpipe  flame  is  applied  to  the  narrow  tube  (N),  which  is  drawn  off  and  sealed; 
the  siphon  tube  (1)  i*  then  gradually  pushed  down,  so  that  its  longer  limb  may  be 

sufficiently  immersed   in  the 

KI«».  »:•.  ethyle,  and  the  nipper-tup  (T,  Fig. 

298)  is  opened,  when  the  pressure 
of  the  carbonic  acid  forces  over  a 

.-•  tube 

P.     By  heating  the  tube  (  M 
a  spirit-lamp,  so  as  to  expel 
the  carbonic  acid,  and  allowing  it 
it  will  become  partly  filled  with  7.  :»nd  may  be  withdrawn  and 

ijui.-kly  ..-silnl  l,y  th-  !.!..wj.ipe.   The  spontaneous  inflammability  of  the  zinc-ethyle, 

and  its  easy  •  ion  by  water,  n-ml*T  great  care  necessary  in  its  preparation. 

If  an  alloy  of  zinc  with  one-fourth  its  weight  of  sodium  be  employed,  the  conversion 

may  be  effected  in  an  hour. 

If  any  moisture  were  present  in  the  materials  employed,  it  would  de- 
compose a  corresponding  quantity  of  the  zinc  ethyle,  yielding  oxide  of 
zinc  and  gaseous  hydride  of  ethyle  — 


+     HfO  2(C,H4.H)    +     ZnO. 

Zinc-  I.  -of  ethyle. 

Zinc-ethylf  is  a  colorless  liquid  of  powerful  odor,  h.-avi.T  than  water 
(sp.  gr.  1.18),  and  boiling  at  244°  F.  In  contact  with  atmospheric  air, 
it  takes  fire  spontaneously,  burning  with  a  dazzling  greenish-bine  Hame, 
which  runts  white  clouds  of  oxide  of  zinc.  If  a  piece  of  j-  To-lain  be 
depressed  upon  the  flame,  a  deposit  of  metallic  zinc  is  forme" 
rounded  by  a  ring  of  oxide,  which  is  j-ellow  while  hot,  and  white  on 
cooling. 

When  oxygen  is  allowed  to  act  very  gradually  upon  /im  •-<  -thyl«  •.  /.in«  •- 
alcohol  (or  rtli\l:itr  of  /im  •)  is  formed,  corresponding  to  potassium-  and 
sodium-alcohol  (ethylates  of  potash  and  soda),  which  have  been  already 
described— 

(C,H../n     +     Of    =    Zn(C,Hs),0,. 

Zinc-a! 


Under  the  gradual  action  of  other  electro-negative  element-, 
ftli\  If  is  decomposed  into  compounds  of  zinc  and  «  -thvlf  with  the  par- 
ir  element  emj  ^14  =  2C,H.I  -f  ZnJ 

i-    |.n-|.:irf.l    by   tin-   :i.-ti..n   "f  lUM    upon  the 

1   II  I),  and  resembles  zinc-«-thyh-  in  its  m-m-nil  di:ir- 

.  however,  far  more  volatile  and  IH-T.  •  -  ivae  i  i«»ns 

than  zinf  rthylf.  aixl    i-   drcomposed   with    intlaniniation   and    t-xplosion 

\vhfii  br.iu^ht  in  cont.-ii-t  with  war.  iue  and  marsli- 

gas  (hydride  of  im-iln 

1  M     =  2(CII  .11)    >!*,««>/***.) 


is  not  so  violent  in  its  n  .,  it  does  not 

inilame  when  exposed  to  air,  but  absorbs  oxygen  vt  TV  rapidly. 
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Potassium-ethyle  and  sodium-ethyle  (C2H5.K  and  C2H5.Na)  have  as 
yet  been  obtained  only  in  combination  with  zinc-ethyle  by  heating  this 
liquid  in  a  sealed  tube  with  potassium  or  sodium,  when  metallic  zinc  is 
separated,  and  the  alkali-metal  takes  its  place  — 

3(C2H5)2Zn  +  Na2  =  2(Zn(C2H5)2.NaC2H5)  +  Zn 

The  double  compound  of  sodium-ethyle  with  zinc-ethyle  is  a  crystalline 
solid  which  decomposes  water  with  great  violence,  forming  soda,  oxide 
of  zinc,  and  hydride  of  ethyle.1  Its  behavior  with  carbonic  acid  is  very 
interesting  and  important. 

When  the  crystalline  compound  of  sodium-ethyle  with  zinc-ethyle  is 
introduced  into  a  bulb-tube  through  which  dry  carbonic  acid  gas  is 
passed,  much  heat  is  evolved,  zinc-ethyle  distils  off,  and  a  white  solid  is 
left  in  the  bulb,  which  is  found  to  consist  of  the  propylate  of  soda, 
NaC3H502,  formed  according  to  the  equation  — 

C2H5Na  +  C02  =  NaC3H502. 

This  reaction  is  one  of  very  great  importance,  representing  the  first 
successful  attempt  to  produce  directly  one  of  the  organic  acids  from 
carbonic  acid,  and  indicating  a  general  method  for  the  formation  of  the 
other  acids  of  the  same  series. 

Thus,  if  sodiurn-methyle  be  treated  in  the  same  way,  it  yields  acetate  of 
soda  — 

CH8Na  +  C02  ==  NaC2H3O2. 

By  heating  iodide  of  methyle  in  a  sealed  tube  with  a  compound  of 
arsenic  and  sodium,  kakodyle  or  arsenio-dimetJiyle  is  obtained  — 

2(CH3.I)  +  AsNa2  =  As(CH3)2  +  2NaI, 

Kakodyle. 

and  thus  kakodyle  finds  its  place  among  the  organo-metallic  bodies,  the 
existence  of  which  is  foreshadowed. 

When  iodide  of  ethyle  is  treated  in  a  similar  manner,  arsenio-diethyle, 
As(C2H5)2,  or  ethylic  kakodyle,  is  obtained. 

381.  Arsenio-trimethyle  or  trimethylarsine,  As(CH3)3,  and  arsenio- 
triethyle  or  triethylarsine,  As(C2H5)3,  may  be  obtained  either  by  acting 
upon  the  iodides  of  methyle  and  ethyle  with  a  compound  of  arsenic  with 
three  atoms  of  sodium  — 

3(CH3.I)  +  AsNa3  ==  As(CH3)3  +  3NaI, 

or  by  decomposing  zinc-methyle  or  zinc-ethyle  with  terchloride  of 
arsenic  — 

3Zn(C2H5)2  +  2AsCl3  =  2As(C2H5)3  +  3ZnCl2. 

Arsenio-triethyle  has  a  kakoclylic  odor,  but  does  not  take  fire  when  ex- 
posed to  air,  although  it  oxidizes  with  great  rapidity.  Like  kakodyle,  it 
is  capable  of  producing  a  base  by  combination  with  oxygen,  which  has 
the  formula  As(C2H5)3O,  and  is  called  arsenic  triethoxide.  Similar  com- 


1  Strange  to  say,  when  this  compound  of  sodium-ethyle  with  zinc-ethyle  is  heated,  it  leaves  metallic 
sodium  and  zinc. 
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•••n  obtained  in  which  the  oxygen  is  replaced  by  <  1 
nlphor. 

:d  compounds  of  eth  vie  .-u.d  m.  t!i\  1. 

Itl  of  the  alcohol-radical.  l.tit  the  tetiv- 

thyl-arsenium   [  A-(<  'II   i     <  > 

:ing  to  the  araraoniuin  family,  ami  tiny  will  be  again  alluded  to 

(CjH^oi^til.iotriethYlc.andMil.iotrimethvl.  . 

cesses  similar  to  tho>e  which  furnish  tin-  coiiespond- 
oinpoimds  of  arsenic,  which  they  much  re-emMe. 

.  thyle  has  a  powerful  odor  of  onion*..  •*  flrespontan 

in  air.     It  combines  with  oxygen,  chlorine,  i«.<liuc.  and   Milphur.  with 
great  <  So  powerful  is  its  attraction  for  chlorine,  that  it  di>j 

from  concentrated  hydrochloric  acid  — 


2HC1 

rideofrtlbethjle. 

The  oxide  ((>  l*  is  a  basic  substance.     Tlu  iodide  of 

honium,  Sb(CjHs)4I,  belongs  to  the  ammonium  family. 

VH,),  aixl  HgCCjH,),  are  forau>d  1>\*  the 

action  of  zinc-metliyl«  -••tliyle  upon  bichloride  of  mercury— 

/,n(C,H5),  +  HgCI,  =    XnC'l,  +  Hg(C,H.)r 

The  incthyle  compound  is  the  heaviest   liquid  (except  metalli- 
which  is  known;  its  sj.«  ciii.  inuvity  is  3.07,  so  that  glass  floats  up 
surface. 

.  A1,(C,H5),,   is  obtain..!   by  decomposing  merruru- 

etliide  with  ahuninuin.'aHgE,  +  Al,  =  Hg,  -J-  A1..K,,     It  is  a  color- 

less  liquid,  spontaneously  inilaniinal'le.  and  decomposed  by  water.     The 

ponding  methyh-  compound,  A1,(CHJ4,  solidifies  at  a  little  above 

into  a  transparent  crystalline  mass. 

H6)a,  has  been  obtained  l.y  the  action  of  zim  «  thyK- 
upon  boracic  etlu-r— 

BO.    +     3ZnE,     =     2BE,     -I-     3ZnE,O,. 

Bonudc  ether.         Zloo^lhyle.         Triborethyle.       Kthjrlau-  of  sine. 

over  as  a  very  light  (sp.  gr.  0.69)  colorless  liquid  which  has 
MIT  odor,  and  is  insoluble  in  water.     It  inflames  sj»ontai, 
in  air,  burning  with  a  beautiful  green  flame,  and  explodes  \\lu-n  1 
in  contact  with  pure  oxygen.     By  gradual  oxidation  it  i>  converted  into 
the  compound  HK(),,  which  may  be  distilled  without  di 

position.      When  this  liquid  i>  niixi'il  with  water  it  i-  decomposed,  yield- 
ing alcohol,  and  a  robtUC  white  crystalline  body.  I'.ll  KG,— 

BE,0,  +  211,0  =  BH.EO,  +  2(EHO). 

AloohoL 

This  substance  has  an  agreeable  odor,  and   a  m.-t    intensely  sweet 

last*  -  ry  >«.lul'le  in  \\.-iter.  alcolml,  and  etl.. 

.       <   II  i  .  i-  formed  l.y  the  action  of  a  strong  etl.- 
.solution  of  /inr-methyle  upon  boracic  ctli. 


-K  HO,    +    BZuMfl  IBM*      I     gZal 

ether.          Zlnc-mcthyle.         Boric  methldc.       EthyUte  of  . 


BORIC    METHIDE  —  S1LICIUM  -ETHYLE.  561 

Boric  methicle  is  a  heavy  (sp.  gr.  1.93)  colorless  gas,  having  an  intol- 
erable pungent  tear-exciting  odor,  and  capable  of  liquefaction  under  a 
pressure  of  three  atmospheres  at  50°  F.  When  it  issues  very  slowly 
into  the  air  from  a  tube,  it  undergoes  partial  oxidation,  and  produces  a 
lambent  blue  flame,  invisible  in  daylight,  and  incapable  of  burning  the 
fingers  ;  but  when  it  comes  rapidly  into  contact  with  air,,  it  burns  with  a 
bright  green  hot  flame,  remarkable  for  the  immense  quantity  of  large 
flakes  of  carbon  which  it  disperses  through  the  air,  apparently  because 
the  boracic  acid  produced  envelops  them  and  prevents  their  combustion. 
Boric  methide  combines  with  an  equal  volume  of  ammonia  gas,  produc- 
ing a  white,  volatile  compound  NH3.BMe3,  which  is  deposited  in  fine 
crystals  from  its  ethereal  solution,  and  may  be  sublimed  without  de- 
composition. Its  vapor,  like  that  of  sal  ammoniac,  occupies  four  vol- 
umes instead  of  two.  Water  absorbs  very  little  boric  methide,  but 
alcohol  dissolves  it  readily.  Solutions  of  the  alkalies  and  alkaline  earths 
also  absorb  it,  and  potash  decomposes  the  ammonia  compound,  but  the 
combinations  of  boric  methide  with  the  alkalies  do  not  crystallize,  and 
are  decomposed  even  by  carbonic  acid. 

Silicium-ethyle,  SiE4,  results  from  the  decomposition  of  chloride  of 
silicon  with  zinc-ethyle  ;  it  is  not  decomposed  by  water  or  by  solution  of 
potash,  is  lighter  than  water,  and  burns  with  a  bright  flame.  Siliciurn- 
ethyle  is  especially  interesting  as  the  source  of  a  new  alcohol  in  which 
a  part  of  the  carbon  appears  to  be  replaced  by  silicon.  The  formula  of 
this  alcohol  is  said  to  be  SiC8H200,  which  may  be  represented  as  the 
(missing,  see  p.  546)  alcohol  CgH^O  (nonyle-alcohol),  in  which  an  atom 
of  carbon  is  replaced  by  an  atom  of  silicon. 

Silicium-liexethijle,  Si2E6,  corresponding  in  composition  to  aluminum 
ethide,  is  also  an  inflammable  liquid,  the  vapor  of  which  has  the  high 
specific  gravity  1.96. 


Silicium-methyle,  S^CH.^  is  obtained  by  the  action  of  chloride  of 
silicon  upon  iodide  of  methyle  in  the  presence  of  zinc.  It  is  a  liquid 
which  burns  with  a  luminous  flame,  producing  white  fumes  of  silica. 

382.  The  following  table  exhibits  the  composition  of  the  principal 
compounds  of  alcohol-radicals  with  inorganic  elements  which  have  yet 
been  analyzed,  omitting  some  of  the  compound  ammonias,  which  will 
be  noticed  hereafter: 
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Formula. 

Inorganic  Type. 

NaCI 

V                                                              ... 

AJn 

methyle,  '. 

.     .     . 

XnNIK 
XnK.. 

<">t 



. 

ZnA 
SnMe, 

ZnOI. 

Bn(  L 

Stai                          

Bui 

SnC!_. 

Seaquietbide  of  tin,  

Bii  i-:, 

Si;  .<  >j 

iodide  of  tin  
Stannic  ethide,      .                    ... 

BnSI 

Stannic  ethylomethi'l'-  
Stannic  iodethide,     

SnK  M,..' 
SnE,I, 

BnOL 

Bismuth.  .11-  .-thiil-.    .... 

Bi£ 

Bid, 

Bismuth.  .us  dichlorethide,  . 

SOL 

Plumbic  t-t                  

PbO, 

Mercuric  ethi.li-  

1  1  -  K  . 

cl, 

Mercuric  m.-tlii<l<-  

HgCl, 

Stibetbyle,  

.     .     . 

SbE,0 

Iodide  of  tetretbvl-stibonium,    .     . 
Kakodyle, 

SbEJ 
AsMe, 

8bCls 

of  kakodyle,   ... 

A-  M-:4<) 

(), 

Araenious  oxyniethide,  

A-M,n 

A«(  '1, 

Trimethyle-arsine,    
Monoroethyl  arsenic  acid 

A»Me, 
AtlUUL 

A-C1, 
kfCL 

Kakodylic  acid,    

HAsBUuO. 

HA»Ot? 

Sulphokakodylic  acid,             .     . 

.  \-M.  "s". 

T.  r.  -blonde  of  kakodyle,   .     ,    . 
Arsenic  trietboxide,  

A-M     •     / 
AsEjO 

^ 

Oxide  of  tetrethylarsonium,  .     . 

A  -  K    ,<  > 

AjyOi 

Oxide  of  dimethyl-diethylareonimn, 

(  AsMe  E  )  O 

A  -  ,<  > 

Tribon-thyli-,    ,     ,     .     ."    .     .     . 

M  K 

l?(  '1 

Boric  rn.-tlii'l.-,       

1?  M.' 

BOL 


Siliciuro-methyle,      ... 

SiM4e4 

Bid; 

SiCl4 

These  compounds  are  evidently  formed  upon  the  tyj.rs  of  tin- 
Lf:ini<-  combinations  of  the  vespfi-tive  »-lnui-nt^.  Tlm^-  rlnin-iits  which 
(oinliine  in  only  one  proportion  with  oxygen  or  sulphur,  also  coml>im» 
in  one  proportion  with  an  alcohol-radical;  whilst  those  whirh  t<mn  in..r«- 
than  one  compound  with  oxygen  and  sulphur  also  generally  t<>rni  cor- 
responding compounds  with  alcohol-  radicals. 

Thus  zinc,  which  combines  witl>  mily  two  atoms  of  chlorine  or  bro- 
iniiM-.  also  associates  itself  with  two  of  methyl.-,  .-thyl.-,  .-r  nmyle.  Al- 
uminum also  combines  only  in  <.nc  proportion  with  the  aleoln.l-nulieaN, 
but  that  proportion  corresponds  with  the  composition  of  alumina,  the 
onl\  ..  \iili-  of  nluininutn. 

..n  the  ntlirr  hand,  forms  three  distinct  series  of  compounds  with 

the  alcohol-radicals,  composed  according  to  the  types  of  the  prot..\i.l«  •. 

•  •.ami  l'in«»\i«lr  of  tin.n-.sprctivrly.      And  it  must  !..•<.  1 


that  as  long  as  tin-  typr    is   adhcrfl  t,,.  the  particular  ra-U.-al 

ompound  appears  to  be  a  matt,  r  of  indii!.  r.  n.  .  :  i 
l.  in  the  bodies  composed  after  the  type  of  sesquioxide  oft 


Znl,. 


UMHannle  iodethlde,  ZnMr,  +  SnF,I,  -  8nE.Me,  + 
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one  in  which  the  places  of  the  three  atoms  of  oxygen  are  occupied  by 
ethyle,  and  another  in  which  only  two  of  the  places  are  occupied  by 
ethyle  (an  electropositive  or  quasi-metallic  or  basylous  radical),  whilst 
the  third  is  filled  by  iodine  (an  electronegative  or  chlorous  radical). 


ORGANIC  ALKALOIDS— AMMONIA. 

383.  The  attraction  which  the  vegetable  alkaloids  have  always  pos- 
sessed for  the  chemical  inquirer  is  easily  accounted  for;  composing,  as 
they  do,  so  very  small  a  portion  of  the  plants  in  which  they  are  found, 
and  yet  representing,  in  many  cases,  the  whole  virtue  and  activity  of 
such  plants  in  their  action  upon  the  animal  body,  it  is  very  natural  that 
their  composition  should  have  been  very  carefully  studied,  with  a  view 
to  explain  the  changes  by  which  they  are  produced  in  the  plants,  and, 
if  possible,  to  imitate  those  changes  in  order  to  obtain  these  valuable 
remedies  by  artificial  means.  In  this  study,  however,  the  chemist  has 
to  contend  with  difficulties  of  no  insignificant  character ;  for  even  in 
the  determination  of  the  ultimate  composition  of  these  alkaloids,  their 
high  molecular  weights  and  comparatively  email  proportion  of  hydrogen 
render  the  exact  determination  of  this  element  a  matter  of  great  diffi- 
culty, so  that  even  at  the  present  time  the  composition  of  some  of  the 
less  known  alkaloids  can  hardly  be  said  to  be  definitely  established. 

The  following  table  includes  the  most  important  of  those  alkaloids 
which  are  extracted  from  plants : 


Alkaloid. 

Source. 

Formula. 

Morphine. 

Opium. 

C,»H  »NO 

Codeine. 

C,oHn  NO 

Narcotine. 

ci 

C   H   NO 

Papaverine. 

„ 

C   H  NO 

Quinine. 
Cinchonine. 

Cinchona  bark,      .... 
ii 

QjB$rA 

C*H"N*O 

Quinidine. 
Caffeine. 
Theine. 

« 
Coffee,      1 
Tea,     / 

OAjfa 

C8H10N402 

Theobromine. 

Cacaonut,     

CTH8N4O2 

Strychnine. 

Nux  vomica, 

C  ,H    N  O 

Brucine. 

(i 

C   H    N2o! 

Nicotine. 
Solanine. 

Tobacco,  
Potato-sh  oots 

n*S   N 

^lo11!^  a 

A  tr  opine. 
Daturine. 

Deadly  nightshade,    .     .     \ 

C1TH23N03 

Cocaine. 

Coca-leaves, 

C,,H  ,NO, 

Hyoscyamine. 

Henbane, 

Emetine. 
Aconitine. 

Ipecacuanha,     
Aconite,  . 

Veratrine. 
Coniine. 
Piperine. 

White  hellebore,  .... 
Hemlock,      
Pepper, 

°°5»°» 

C8H15N 
C,,H,«,NO,(?) 

Capsicine. 
Sparteine. 
Curarine. 

Cayenne  pepper,    .... 
Common  broom,    .... 
Curara  poison,  

C±N' 

From  this  table  it  is  seen  that  the  alkaloids  invariably  contain  nitro- 
gen ;  and  though  this  element  generally  forms  a  comparatively  small 
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parlor  tin-  weight  of  tin*  alkaloid,  n<  tit  in  tlu-o- 

I'l-omine,  whir!.  h.M   in  i  .    «ud  falling  as  low  as  8, 

.  uhich    in    the  poorest,  it   18    from  this    element    that 
chemists  have  al\\a\s  started  in  t  lat  ions  Upon  t 

of  these  important  l.o.i 

\  importance  respecting  the  constitution  of  the 
N  us  that  of  Bettelill*,  Who,  retting  upon  the  eon-taut  pi' 
•  •t'  nitro^ni  ami  hydrogen  in  these  s nl stances,  regarded  them  as  com- 
pounds of  certain  neutral  substances  then  unknown  in  the  separate 
state)  with  ammonia,  to  which  they  owed  their  alkaline  characters,  and 
this  o|iinioii  was  much  strengthened  when  it  was  dis  iat  en  tain 

organic  bases  (though  not  those  actually  fonml  in  plants)  could  I 

!.y  the  direct  i il.ination  of  ammonia  with  neutral  - 

thus  oil  of  mustard  (C4HSXS).  when  combined  with  ammonia  (Nil    . 
yields  the  base  ////••  <    1 1  \,S). 

To  tliis  view  it  was  objected,  that  ammonia  could  not  be  d 
these  organic  bases,  and  as  tin  d.. .trine  of  the  displacement  of  <M 
ment  by  another,  or  by  a  quasi-clement,  gained  ground,  it  was  su^u 
that  the  organic  bases  might  be  really  constituted  in  the  same  manner 
as  ammonia  itself,  the  place  of  a  portion  of  the  hydrogen  being  oc< 
by  a  group  composed  of  carbon  and  hydrogen,  or  of  carbon,  hyd: 
and  oxygen.     This  view  of  the  constitution  of  the  alkaloid-.,  tin  : 
would  at  once  propose  ammonia  as  th  f  this  large  class. 

In  the  earlier  at  t  .-mpt-  to  refer  the  organic  bases  to  ammonia  as 
it  was  said  that  ju-t  as  that  substance  is  composed  of  four 
(one  of  nitrogen  and  three  of  hydrogen),  so  are  the  organic  bases,  but 
that  these  contain  only  two  separate  hydrogen-atoms,  the  plaee  of  tin- 
third  atom  of  that  element  being  occupied  by  a  compound  which   dis- 
charges the  functions  of  that  third  atom  of  hydrogen,  and  does  not 
destroy  the  alkaline  character  of  the  original  ammonia 

To  apply  this  view  to  one  of  the  least  complex  of  the  organic  bases, 
aniline  (CJ  I  \  .  v.  .-mi^ht  represent  it  as  ammonia  <  Ml  ).  in  which  the 
third  atom  of  hydrogen  had  been  displaced  l>\  the  hypothetical  com- 
pound radical /'//»//*//'•  (<'..H.)  f«»r  <  II  \  -  XH^CJI 

This  view  of  the  constitution  of  aniline  was  supplied  l.y  the  fact, 
uiliuc  may  be  obtained  by  the  action  of  heat  upon  phenate  of  am- 
monia; thus — 

\H4.C.H60  —  H,0  =  NHrC.H5 

riu>  nate  of  amnioo  1«.  A  D  i  1 

and  as  the  substances  derived  from  ammoniacal  salts  by  the  loss  of  a 
molecule  of  water  were  called  »///,»./-.-  d>< -ing  supposed  to  contain 
.  \  II    .  this  theory  was  siwken  of  as  th  of  the 

i  of  organic  bases. 

Later  research  has  only  extended  this  theory,  having  proved  that  am- 
monia is  the  type  of  at  least  the  greater  numlier  of  oiLr:ini< 
that  not  only  one,  but  all  three  of  the  i  if.  are  mo\al 

may  be  displaced  by  compound  radical-,  whilst  ,  nitrogen  of  the 

type  also  admits  of  replacement  l.y  other  elements  of  the  sain, 
famil;  i.horiis.  arsenic,  ami  antiin 

A  ni-  example  of  the  » -last!,  -ity  of  a  type  cannot  be  L: 

When    i«id. 
in    a   sealed  tul»e  with  an    alcoholic    >oln' 
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ammonia,  in  the  proportion  of  single  molecules,  a  crystalline  compound 
is  formed,  which  might  at  first  be  regarded  merely  as  a  combination  of 
the  two  bodies  employed  to  produce  it  (C2H.I.NH3)  ;  but  when  this  sub- 
stance is  distilled  with  potash,  it  furnishes,  instead  of  ammoniacal  gas, 
a  vapor  which  condenses,  under  the  ordinary  pressure  in  a  receiver  cooled 
by  ice,  to  a  very  light  colorless  liquid  which  boils  at  65.6°  F.,  and  has  a 
powerful  ammoniacal  color.  By  analysis,  this  liquid  is  found  to  have 
the  composition  C2H.N,  being,  in  fact,  ammonia  in  which  one-third  of 
the  hydrogen  has  been  displaced  by  ethyle.  That  this  is  the  true  view 
of  its  constitution  does  not  admit  of  a  doubt,  since  it  so  nearly  resem- 
bles ammonia  in  all  its  characters,  that  it  might  easily  be  mistaken  for 
that  substance.  The  ethyl-ammonia  or  ethylia,  or  ethylamine^  has  not 
only  the  modified  odor  of  ammonia,  but  is  powerfully  alkaline,  and  com- 
bines readily  with  acids,  forming  salts,  many  of  which  may  be  ciystal- 
lized.  It  is,  as  might  be  expected,  more  inflammable  than  ammonia. 

The  cr3'Stalline  compound  formed  by  the  action  of  iodide  of  ethyle 
upon  ammonia  is  the  hydriodate  of  ethylamine  — 

(H  (  C,H5 

C2H.I     +     N  \  H  =  N  \      H      }•  .HI 


= 
(H  (     H 


the  hydrogen  expelled  from  the  ammonia  having  taken  the  place  of  the 
ethyle  in  the  iodide,  forming  hydriodic  acid,  which  remains  in  combina- 
tion with  the  ethylamine. 

Chloride  of  ethyle  and  bromide  of  ethyle,  when  heated  with  ammonia, 
yield,  respectively,  the  hydrochlorate  and  hydrobromate  of  ethylamine, 
but  the  iodide  of  ethyle  is  preferred  for  this  and  similar  experiments,  as 
being  less  volatile,  and  therefore,  more  manageable  in  sealed  tubes. 

When  the  hydriodate  of  etlrvlamine  is  distilled  with  potash,  it  behaves 
just  as  hydriodate  of  ammonia  would  do  if  similarly  treated  — 

NH3.HI     +     KHO     =    NH3     +     KI     +     H20. 

Hydriodate  of  ammonia.  Ammonia. 

NH2.C2H5.HI     +     KHO     =    NH2.C2H5    +     KI     +     H20. 

Hydriodate  of  ethylamine.  Ethylamine. 

Ethylamine  also  combines  with  the  oxygen  acids  in  the  same  manner 
as  ammonia  — 

Sulphate  of  ammonia,    .     .     .     2NH3.H2O.S03 
Sulphate  of  ethylamine,      .     .     2(NH2.C2H5).H2O.S03. 

If  any  further  proof  were  wanted  that  ethylamine  is  really  composed  after  the 
type  of  ammonia,  it  would  be  afforded  by  the  circumstance,  that  ethylamine  may 
be  prepared  by  distilling  cyanic  ether  with  caustic  potash. 

Cyanic  ether  (C2H5CyO  ==  C2H5CNO)  is  obtained  by  distilling  sulphovinate  of 
potash  with  cyanate  of  potash  — 

KCyO      +      KC2H5S04      =      C2H5CyO      +      K2SO4 
Cyauate  of  potash.    Sulphovinate  of  potash.      Cyanic  ether. 

Now,  cyanic  ether  is  simply  cyanic  acid,  in  which  an  atom  of  ethyle  occupies  the 
place  of  an  atom  of  hydrogen  — 

Cyanic  acid,         .         .         .         HCyO 
Cyanic  ether,       .         .         .         ECyO. 

When  cyanic  acid  is  distilled  with  caustic  potash,  it  yields  ammonia  and  car- 
bonate of  potash  — 

HCNO     +     2KHO    =    NH3     -f     K2O.C02 


.'•o  cyanic  ether  contains  an  atom  in  place  of  an  atom  of  hydrogen, 

it  would  be  expected  to  furaUh  an  ammonia  in  which  a  similar  dUplaccnv  •: 
been  effected— 

BCNO    +    2KHO    =    NH,E    +    K,O.COr 
ryanlc  ether. 

ivlamine  be  again  acted  upon  l.y  iodide  of  ethyle.  a  »erond  atom 
of  hydrogen  may  be  displaced  by  ethyle,  and  tin-  hydriodate  of  di> 
is  obtained  — 


(CJU 

\      u   !- 


+   c,H6i 


Kthylamine.  Iodide  of       Hydriodate  of  diethylamlne, 

yle, 

and  from  this  hydriodate  the  diethylamine  is  obtained  by  distillation 
with  potash,  as  a  colorless  and  inflammable  liquid,  strongly  ammon 
and  having  a  much  higher  boiling-point  than  ethylan.  .     In 

its  chemical  relations  diethylamine  is  a  decided  ammonia. 

In  order  to  remove  the  third  atom  of  hydrogen,  it  is  only  necessary  to 
t  diethylamine  to  the  action  of  iodide  of  ethyle  — 


1I    ,  (CJI   ) 

Hj        +    C,H.I    =    N^CJl      .111 

}  (c;n  \ 

Diethylamine.  Iodide  of         Hydriodate  of  triethylaminc. 

ethyle. 

When  this  last  hydriodate  is  distilled  with  potash,  the  trirthylamin.-  is 
obtained  as  a  colorless  liquid,  presenting  the  strongest  evidence  of  its 
relationship  to  ethylainine  and  diethylamine  as  well  as  to  ammonia.  1 

i  nil  v  alkaline,  and  boils  at  a  higher  temperature  than  du-thylanmi<  .' 
lint  the  action  of  iodide  of  ethyle  does  not  stop  here,  for  If  triethyU- 
mine  be  again  heated  with  it,  a  molecule  of  that  base  combines  with  a 
molecule  of  the  iodide  to  form  the  compound  N(C1Hs)rCJl  1.  \\hirh  may 
be  represented  as  hydriodate  of  triethylamine.  in  "which  th,-  place  «,f  the 
hydrogen  in  the  hydrindie  acid  is  occupied  l.y  ethyle. 

Hut  it  will  l.e  reineml.ered  that  the  livdriodate  of  ammonia  (MI  .III) 

i>  -.1,1,  -times  regarded  as  the  iodide  of  a  hypothetical  compound 

ammonium     \ll     .  and   it   would   appear  admi»it>le   to   view   the  above 

compound  as  iodide  of  ammonium  <MI,I  .  in  which  the  tour  atoms  of 

:cu  are  displaced  I'.v  ethyle;  it   would  then  lie  railed  in.lide  of  tetre- 

^11.  or  iodide  of  tetrethylium. 

I'nliUe  the  preceding  compound^,  the  iodide  <•!'  tetrethylium  may  be 
boiled  with  solution  of  potash  without  decomposition,  hut  if  a  solution 
of  this  substance  be  treated  with  oxide  of  >il\vr,  iodide  of  silver  i>  formed, 
and  \\heii  the  solution  is  filtered  and  evaporate  •:  r  sulphuric 

aeid.  it  deposits  nccdlc-liUc  crystals  havin-  •  «  'II       HO. 

i         substance,  which  is  called  ' 

similar  in  prop.  the  hydrates  of  ].ota>h  an-1  soda:   it  is  deli.pies- 

ibsorbs  e.t  .-ntheai  ..  !y  alkaline 

and  caustic,  expels  ammonia  from  its  salts,  forms  soap  with  the  fats,  and 

behaves  in  like  the  hydrate  of  a  fixed  alkali.     Its  taste  is 

hitter  as  well  as  alkal 

1  Ju»t  u  ethylamine  U  obulncd  by  the  action  of  hydrate  of  potuh  upon  cyanic  ether,  M  triethyla- 

:..-:•.;,         :,.•:.;...,  ;.        -',;.'.          „       „         :  ,:        .,.     ,        .,,.:      ,tl,,-r- 

0    +    KKfiO)    - 
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It  is  obviously  not  an  ammonia,  but  is  composed  after  the  type  of 
caustic  potash  (KHO),  and  contains,  in  place  of  the  potassium,  the 
hypothetical  radical  tetrethylium,  N(C4H5)4,  or  ammonium  (NH4)  in 
which  the  four  atoms  of  hydrogen  have  been  displaced  by  ethyle. 

The  action  of  oxide  of  silver  upon  the  iodide  of  tetrethylium  is  now 
intelliible  : 


2NEJ     +     Ag.20     +     H20     =     2NE4HO     +     2AgL 

Iodide  of  Hydrate  of 

tetrethylium.  tetrethylium. 

The  new  alkali  is  easily  decomposed  ;  even  at  a  temperature  below 
the  boiling-point  of  water,  it  is  resolved  into  triethylamine,  olefiant  gas, 
and  water  : 

N(C2H5)4HO    =    N(CaH5)8     +     C2H4     +     H20. 

Triethylamine. 

It  will  be  remembered  that  the  solution  of  ammonia  in  water  may  be 
regarded  as  containing  the  hydrate  of  ammonium,  for 

NH3     +     H20     =    NH4HO 

which  latter  would  be  the  true  type  of  the  hydrate  of  tetrethylium  ;  but 
so  great  is  the  want  of  stability  in  this  case,  that  all  attempts  to  isolate 
the  hydrate  of  ammonium  have  resulted  in  the  production  of  ammonia 
and  water. 

Like  potash,  the  oxide  of  tetrethylium  is  capable  of  forming  salts 
with  the  oxygen-acids  without  the  intervention  of  a  molecule  of  water, 
thus: 

Sulphate  of  potash,      ....     K2O.SO3. 

Sulphate  of  oxide  of  tetrethylium,       .     (NE4)2O.S03. 

It  would  naturally  be  expected  that  by  the  action  of  the  iodides  of 
other  alcohol-radicals  upon  ammonia,  compounds  should  be  obtained 
corresponding  to  those  belonging  to  the  ethyle  series  ;  thus  we  have: 

(Type;  ammonia  NH3.) 


Methylamine,1 
Ethylamine, 
Amylamine, 
Dimethylamine, 
Diethylamine, 

Type; 

NH2.CH3 
NH2.C2H5 
NH2.C5Hn 

NH.(CH3)2 
NH.(C2H5)2 

imaginary  hydrate 

Diamylamine,          NH.(C6Hu)a 

Trirnethylamine,     N(CH3)3 
Triethylamine,         N(C2H5)3 
Triamylamine,2       N(C5Hn)3 

of  ammonium  (NH4HO). 

Hydrate  of — 

Tetramethylium,  N(CH3)4  HO 
Tetrethylium,  N(C2H5)4  HO 
Tetramylium,  N(C5HU)4HO 

But  even  here,  the  elasticity  of  the  types  and  the  replacing  power  of 
the  alcohol-radicals  are  not  exhausted. 

If  methylamine  (NH2.Me)  be  acted  upon  by  iodide  of  ethyle,  the 
hydriodate  of  methyl-ethylamine  is  formed : 

NH2.Me      +       El       =      NHMeE.HI 

Methylamine.  Iodide  of  Hydriodate  of  methyl- 

ethyle.  ethylamine. 

1  Methylamine,  which  is  a  gas  at  the  ordinary  temperature,  is  far  more  soluble  in  water  than  any 
other  gas;  water  dissolves  1150  volumes  of  methylamine,  the  solution  exactly  resembling  that  of 
ammonia. 

3  Even  the  hypothetical  hydrocarbon  cetyle  (C16HM),  the  radical  of  etlial,  has  been  substituted  for 
the  nitrogen  in  ammonia.  The  base  tricetylamine,  N (ds H<a\,  which  is  thus  formed,  contains  only  2 
per  cent,  of  nitrogen. 


rn  IXB. 

ami  l.y  distilling  this  with  potash,  th-  •hylamine,  mm-h   resem- 

tlu-  other  ammonia  bases, 

Again,  on  subjecting  this  base  to  the  action  of  iodide  of  nuiyl 
ili-tiiliirj  the  product   with  potash,  a  new  ammonia  base  is  procured,  in 
which  all  three  atoms  of  hydrogen  are  replaced  by  different   radicals; 
lad  meth\  l-eth\  1  :mi\  lamiiie,  and  its  composition  is  rep  re.  - 
;    ,        \M,  EAyL 

It'  we  had  started  with  aniline  <  phen\  famine.  N  H  ..C.H4)  in  the  above 
ex  per  i  <  atment  with  iodide  of  methyle  would  have  furni-hcd 

inethx  I  aniline  or  niethyl-phenylamine   N  I  l.r.  HS.CHS;  and   1 
this  with   iodide  of  ethyle  we  should  obtain  eth\  l-methyl-pheii\  lamine, 
\<    HVCHI.C,HS;  the  action  of  iodide  of  ainyle  upon  this  last  ammonia 
would  give  the  iodide  of  methyl-ethyl-amylo-phenylinm.  and 
posing  this  with  oxide  of  silver  there  would  be  obtained  the  hydrate  of 
met  hy  1-et  hy  1-amylo-phenyl-ammonium  : 

N(CH,)(C,Hf)(C.HM)(C.Hft)HO 

a  base  formed  upon  the  hypothetical  type  of  hydrate  of  ammonium,  in 
whieh  each  of  the  four  atoms  of  hydrogen  is  replaced  by  a  different 
radical. 

Tin-  complex  substance  affords  an  excellent  example  of  the  difference 
between  an  empirical  and  a  rational  formula;  its  empirical  formula, 
<  II  \<».  which  sim  pi  \  shows  the  result  of  its  ultimate  analysis,  teaches 
nothing  with  respect  to  its  constitution,  which  is  at  once  clear  when  the 
rational  formula  as  above  written  is  placed  before  us. 

vlamine  (NH,(C4H6),  is  found  among  the  products  of  the  destructive  dis- 
tillation of  ro«aniline  '.il.-t  •  •thyl-roMniline  (anil  .-  tthyl- 

pk*tylaminc  or  eMy/-ani/in«(NH(CcH,  I  phenyl-rosaniline  (aniline  blue) 

mine  or  pkenyl-:  iljj. 

iJiplH-nyliiinino  has  also  been  obtained  by  digesting  hydrochlorate  of  unili 
free  aniline  at  a  high  temperature,  when  hydrochlornte  of  (liph'Tiylutninc  i.-  ol 
which  is  decomposed  bv  a  large  excess  of  warm  wnti-r,  tin-  dipMOjUunin«  r 
the  surface  as  an  oil  which  solidifies  on  cooling.    The  change  may  be  expressed  by 
the  following  equation  : 

MIj(C.H6).HCl    +    NHt(C.H,)    =    NH(C4H6),.HC1    +    NH, 

Hydrocblorate  of  aniline.  Aniline.  :Ue  of 

dlphcDyUmlne, 

Ditol  \  i  i  <    i  i    ,.  may  be  procured  in  a  similar  way  by  digesting  h\  <lr<>- 

kt««  of  toluidinc  with 

N'H(CaII6)(C7H7),  is  formed  by  the  action  of  aniline  on  hy- 
Jorate  of  toloidin*,  or  by  t  li.lineon  bvdrochlorate  of  ami 

nitric"  arid,  «li|>h<-nylHmine  gives  rise  to  di-nitro-dipbenyU- 
N  H[C4H4(NOt)]t,  in  u  vpe  U  preserved,  though  nitric  peroxide 

(NO.)  is  substituted  for  one-fifth  :.-i,'-ii  in  th<>  j.h- 

a   treated    with   <  hlorido  of  beneoyle  (CTUSO.CI),  diphenylamine    yields 
' 


11  l>e  observed  that  certain  of  these  bas»^  deri\ed  from  the  alco- 
nive  the  same  empirical  formula-  as  those  derived  from  coal  tar  and 
other  sources,   with    which,  however,   they    are    l.y    no   mean>    identical. 
i1  H.  N  i    hftfl    the    MUM   •  •••mpoHition  as   methyl-aniline 
i  \  11.  <     II  .<    II  j  ;   but  th<  1.  and  the  la'  f 

oily  li',  li  i        \^ain.  when  i<"  upon  loluidii  ..  . 

of  hydrogen    i>  d    \>\    ethyle.   and    .'Ay/-,-,'.  -aim-d. 

The    '  ••  '     II      \  .    .-    '  be    -:imr    a>    that    of 

inethvl-fthvl-aniline,    \   «'!!      'II      <     li     .     :nd    as    that  of  cumidinu 


POLY-AMMONIAS.  569 

(C9H13N)  ;  but  in  their  chemical  properties  these  bodies  exhibit  such  a 

difference  as  would  be  expected  from  the  difference  in  their  constitution. 

0 

385.  Investigation  of  the  Constitution  of  the  Alkaloids.  —  It  will  be  evi- 
dent that  the  principles  developed  in  the  experiments  just  described  may 
be  applied  in  investigating  the  constitution  of  the  bases  extracted  from 
plants.  Let  it  be  supposed  that  ethylamine  (C2H_N)  was  a  vegetable 
alkali  of  unknown  constitution  ;  when  it  was  found  that  by  the  action  of 
iodide  of  ethyle,  two  out  of  the  seven  atoms  of  hydrogen  could  be  dis- 
placed, it  would  be  at  once  inferred  that  these  two  atoms  occupied  a  very 
different  position  from  the  other  five,  and  that  the  constitution  of  the 
compound  would  be  more  properly  expressed  by  writing  the  formula 
C2H5.H2N.  On  applying  the  same  principle  to  the  examination  of  the 
natural  alkaloid  coniine  (C8H15N),  it  was  found  possible,  by  the  action  of 
iodide  of  methyle,  to  remove  only  one  atom  of  the  hydrogen,  so  that  the 
formula  C8H14.HN  would  more  correctly  represent  the  constitution  of 
coniine,  which  might  be  then  regarded  as  ammonia,  in  which  two  atoms 
of  the  hydrogen  have  been  displaced  by  the  group  C8H14,  or  in  which 
each  of  these  atoms  has  been  displaced  by  the  group  04H7. 

If  we  were  acquainted  with  an  iodide  of  this  group,  we  have  every 
reason  to  expect  that  its  action  upon  ammonia  would  lead  us  to  the  arti- 
ficial formation  of  coniine.1 

Nicotine,  morphine,  and  codeine  will  not  part  with  any  of  their  hydro- 
gen under  the  action  of  iodide  of  ethyle,  and  must  therefore  be  placed' 
upon  the  same  footing  as  triethylamine,  N(C.,H5)3,  in  which  all  three 
atoms  of  hydrogen  are  already  replaced.  Upon  this  view  they  would 
be  represented  thus  — 

Nicotine,    N(C.H.)r// 
Morphine,  N(CnH,,O8)'" 
Codeine,     N(C18H2103)r//. 

The  mark  ('")  signifying  that  the  groups  are  triatomic,  or  have  the 
same  replacing  value  as  three  atoms  of  hydrogen.  When  these  bases 
are  acted  upon  by  the  iodides  of  alcohol-radicals,  there  are  formed,  as 
would  be  expected,  iodides  upon  the  type  NH4I,  from  which  ma}*  be 
obtained  fixed  alkalies  resembling  the  hydrate  of  tetrethylium.  Thus 
we  have  the  hydrates 

Methyl-morphyl-ammonium,  N(C17H19O3)'"(CH3)HO 
Ethyl-codyl-ammonium,  N(C18H2'1O3y//(C2H.)HO 
Ethyl-nicotyl-ammonium, 


386.  Poly-Ammonias.  —  In  speculating  upon  the  constitution  of  the 
vegetable  bases,  it  must  not  be  forgotten  that  some  of  them  contain 
two  atoms  of  nitrogen  ;  this  is  the  case,  for  example,  with  cinchonine 
(C20H24N2O),  quinine  (C^H^O.J,  and  strychnine  (C21H22N2O2).  If  the 
whole  of  the  nitrogen  in  these  bases  be  due  to  the  ammonia  type,  they 
must  be  composed  after  the  type  of  a  double  atom  of  ammonia,N2H6.  Jn 
the  case  of  strychnine,  it  is  found  that  the  action  of  iodide  of  ethyle  fails 
to  remove  any  portion  of  the  hydrogen,  so  that  if  the  base  be  really  com- 
posed after  the  ammonia-type,  it  must  be  represented  by  two  atoms  of 
ammonia  (N2H6),  in  which  the  whole  of  the  hydrogen  has  been  displaced 
by  the  group  (C21H22O2),  when  its  formula  would  be  N2(C21H22O2)vi,  the 

1  The  group  C4H,  is  often  assumed  as  the  radical  of  butyric  acid  (C4H9Oa),  and  it  is  at  least  a  curious 
coincidence,  that  when  acted  upon  by  nitric  acid,  coniine  actually  yields  butyric  acid. 
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rise  being  hejraton, 
ofhydrogM.    That  it  bbi  no  means  nece-  atom  of  hydro- 

tf*n  t<>  l>c  di-placed  1,\  a  single  group  or  radical  is  seen  in  a  ^imt  manv 
organic  com}x>unds;  thus  in  chloroform  (011)01,,  we  have  the  triat«>mic 
group  OH  (commonly  called  f..nnyle)  occupying  the  position  of  three 
atoms  of  hydrogen  which  would  !•»  n-ijiiired  to  combine  with  the  three 
atoms  of  clil.M  a,  in  iMit.-h  li-piid  (('  H()('l,  we  have  the  dia- 

t..nii<-  -jroup  C  II,  .  -iliNlriu-)  oeeiipying  the  place  of  two  atoms  of  hy- 
drogen. 

If  the  view  above  explained  with  respect  to  the  constitution  of  some 
of  the  natural  alkaloids  be  correct,  it  ought  to  be  possible  to  form  arti- 
ficially a  base  in  which  two  or  three  atoms  of  hydrogen  have  been  dis- 
t  l-y  means  of  a  diatomic  or  triatomic  radical. 

387.  Diamines.  —  When  olefiant  gas  or  ethylene,  C,H4,  is  brought  in 
contact  with  bromine,  the  compound  <  '  HJ'.t.  corresponding  to  Hutch 
liquid  (CjH^Cy  is  obtained,  and  from  the  action  of  ammonia  upon  this 
•  .  there  is  derived  a  new  alkaline  base,  having  the 
composition  N,H4(C,H4)",  or  two  molecules  of  ammonia  (N,HJ>,  in  «  hieh 
the  diatomic  ethylene  replaces  two  atoms  of  hydrogen.  Such  bases, 
formed  upon  the  double  ammonia  type,  are  call*  >,  whilst  those 

which  correspond  to  a  single  molecule  of  ammonia  are  called  // 
The  base  above  mentioned  is  named  ethylene-diamiix  .     The  diamine-. 
like   the  double  atom  of  ammonia  from  which  th«  I.  are 

capable  of  combining  with  two  molecules  of  hydrochloric  or  any  similar 
acid,  which  is  implied  by  stating  that  they  are  diacid. 

I  Dutch  liquid  (bichloride  of  ethylene  (C,H4)"C1,),  is  heated  to  800°  F.,  with 

strong  ammonia  in  a  sealed  tube,  an  action  takes  place  corresponding  to  that  of  a 

double  molecule  of  hydrochloric  acid  (H,C1,)  upon  a  double  molecule  of  ammonia 

N  II,     which  would  give  rise  to  a  double  molecule  of  hvdrochlorate  of  anuminia 

i  N".H6.H,<;i,i  ;    in   the  product  of   the  action   of   Dutch   liquid   upon   amm-mm 

1  ;ii4)s"Clt),  the  places  of  four  atoms  of  hydrogen  are  occupied  by  tw< 
cules  of  tin-  diatomic  group  (  C,U4).     But  here  the  correspondence  ceases,  for  winl-t 

•r<Thl«»niti'  <>f  Hinm.iniji,  wli.-u  decomposed  with  oxide  of  silver,  won! 
iunm  >nia  nn«l  chloride  of  silver,  the  new  compound,  wli.-n  thus  tn-Htr<l,  ;. 

<lkuline  base,  resembling  caustic  potash,  and  Inivini;  th<-  »  ••n>|H>«Uion 
N  !l  '  II,  H  <)..  which  represents  a  double  molecule  of  the  hypothetical  hvlrnt. 
of  HUH  N  H4UO),  in  which  four  atoms  of  hydrogen  have  •  >eed  by 

two  molecules  of  the  diatomic  ethylene.     The  name  hydrate  of  </ 

expresses  the  composition  of  this  substance,  which  is  n-innrkul>l<>  i-r  its  sta- 


bility, a  temperature  above  800°  F.  being  required  to  effect  its  d« 

a  volatile  alkali,  having  the  composition  NjH^Cjll.i,",  and 


when  it  furnishes  ,  jj.,, 

called  <in  llivl<  nc-diamine,  being  evidently  formed  from  a  double 
monia.  in  whu  h  four  atoms  of  hydrogen  are  replaced  by  tw..  <>t  itu-  dititotn. 
lene.     Its  production  may  be  explained  by  the  equation  — 

N,H4(C,H4),"H,0,  =  N,H,(C,H4V  + 

ng  upon  the  new  ammonia  with  iodide  of  ethyle  i(    II  I     •    ••  two  atoms 
»y  be    displaced    by  ethyle,  yielding 

u  double  molecule  of  nmn  Nil  .  HT  are  re- 

•  •tliylc,  urul  H4  bv  tw..  of  .-th\  . 

S     '     II        (     II,          .-  •  •  tt  •    d  'ubi.-li  r.-pr.-- 
gents   ii  ••   ••'    itintiiofiia     Nil  ' 

-.  nr..l  H,  bv  tu  rm  upon  aniline, 

diBAtytdiamin,    \    <  il         >,ll      II    bai   '    <  :n  which   II,  ar- 

.  •:    '    .    •  ;.      •  •    iit-'inic     :•.:•:.;.  ..       (    H     ..,'.!    11      ''.y    |  !,.;.;,  ..-. 

1  1  tin*  been  seen  that  ; 

>•  is  treated  in  a  similar 
i,  which  is  evidently  derived  from 
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a  double  molecule  of  ammonia,  in  which  H2  are  replaced  by  the  diatomic  group 
phenylene  (C6H4),  which  bears  the  same  relation  to  phenyle  (C6H.)  as  ethylene  (C2H4) 
bears  to  ethyle  (C2H5).  By  treating  di-nitrotoluole  and  di-nitrocumole  with  ferrous 
acetate,  tolylene-diamine  and  cumylene-diamine  are  obtained,  which  are  diammonias, 
in  which  H2  are  replaced  by  the  diatomic  radicals  tolylene  (C7H6)X/  and  cumylene 
(C9H10)//.  These  three  diamines  are  called  the  aromatic  diamines,  since  the  diatomic 
groups  phenylene,  tolylene,  and  cumylene  are  closely  connected  through  benzole 
(C6H6),  toluole  (C7H8),andcumole  (C9H12),  with  the  aromatic  acids,  benzoic  (C7H6O2), 
toluic  (C8H8O2),  and  cuminic  (C10H12O2). 

Paraniline  (C12H14N2)  is  obtained  as  a  secondary  product  in  the  manufacture  of 
aniline,  with  which  it  is  polymeric.  Its  properties  are  very  different  from  those  of 
aniline,  for  it  is  solid  at  the  ordinary  temperature,  forming  silky  needles  which  melt 
when  heated,  and  boil  beyond  the  range  of  the  thermometer,  distilling  unchanged. 
It  combines  with  acids,  forming  beautiful  crystalline  salts,  the  study  of  which  proves 
it  to  be  a  diamine. 

388.  Triamines.  —  The  triammes  are  formed  upon  the  t}Tpe  of  a  treble 
molecule  of  ammonia  (N3H9),  in  which  the  hydrogen  is  replaced  either 
entirely  or  in  part  by  other  radicals.  Thus,  diethylene-triamine,  N3H5 
(C2H4)./',  and  triethylene-triamine,  N3H3(C2H4)3",  are  obtained  by  the 
action  of  bibromide  of  etbylene  (C2H4Br2)  upon  ammonia.  They  are 
powerfully  alkaline  liquids,  which  are  capable  of  absorbing  carbonic  acid 
from  the  air.  The  triamines  are  generally  capable  of  forming  three 
classes  of  salts,  the  monacid,  diacid,  and  triacid  salts,  containing  re- 
spectively one,  two,  and  three  equivalents  of  acid. 

Di-ethylene-di-ethyl-triamine,  N3H3(C2H4)/'(C2H5)2,  is  produced  by  the  joint 
action  of  ethylamine  and  ammonia  upon  bibromide  of  ethylene  — 

2[(C2H4)"Biyj  +  3NH2(C2H5)  +  NH3  = 
N3H3(C2H4)2"(C2H5)2.3HBr  +  NH2(C2H5).HBr. 

It  forms  splendidly  crystallized  salts,  and  is  evidently  derived  from  three  molecules 
of  ammonia  (N3H9),  by  the  substitution  of  two  molecules  of  ethylene  (CaH4)2//  for  H,, 
and  of  ethyle  (C2H5)2  for  H2. 

Carbotriamine  (guanidine),  N3H5C'V,  is  a  treble  molecule  of  ammonia,  in  which 
four  atoms  of  hydrogen  are  replaced  by  one  atom  of  tetratomic  carbon.  It  is  formed 
by  heating  ammonia  with  subcarbonate  (orthocarbonate)  of  ethyle  in  a  sealed  tube 
to  about  300°  F. 

2(C2H5)2O.C02  +  3NH3  -f  H2O  =  N3H5C.H2O  +  4(C2H5HO). 

The  change  is  more  clearly  explained  by  representing  the  subcarbonate  of  ethyle  as 
formed  upon  the  type  of  four  molecules  of  water  (H8O4)  in  which  H4  are  replaced  by 
(C2H5)4,  and  the  remaining  H4  by  Civ. 


H2°  =  N3H5O.H20  4- 
Subcarbonate  of  ethyle. 

Guanidine  may  also  be  obtained  by  heating  chloropicrine  in  a  sealed  tube,  with 
an  alcoholic  solution  of  ammonia,  to  212°  F.,  when  the  following  reaction  ensues  — 

2CC13(N02)  +  6NH3  =  2(N3H5C.HC1)  -f  4HC1  +  N2O3  -f  H2O. 
Chloropicrine.  ^nl^nf  °f 

It  will  be  remembered  that  the  subcarbonate  of  ethyle  itself  is  obtained  by  the 
action  of  sodium  upon  an  alcoholic  solution  of  chloropicrine  (p.  550). 

Melaniline,  C13H13N3,  a  crystalline  base,  produced  by  the  action  of  chloride  of 
cyanogen  upon  aniline,  may  be  regarded  as  diphenyl-guanidine,  NgH^CeHj^C,  or 
guanidine  in  which  two  of  phenyle  have  replaced  two  of  hydrogen. 

The  beautiful  aniline  dyes  appear  to  be  salts  of  certain  triamines  formed  by  the 
replacement  of  the  hydrogen  in  a  treble  molecule  of  ammonia  by  hydrocarbon 
radicals. 

According  to  Hofmann,  rosaniline,  the  base  of  the  aniline  red  produced  by  the 
action  of  oxidizing  agents  upon  aniline  containing  toluidine,  is  possibly  phenylene- 
ditolylene-triamine,  N3(C6H4)//(C7H6)2//H3.H2O,  the  phenylene  being  derived  from 
the  aniline,  NH2(C6U5),  and  the  tolylene  from  the  toluidine,  NH2(C7H7).  Aniline 
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\     .     !.  ;       H,O,  or  roaanilin  BgWMOl 

If, 

II    <1,,    ha*  aUo  been  ob- 

389.  i  upon  tin-  tv|  ,r  molecules  of  am- 
,  therefore  contain    lour   atom-    nf  nitn»^rii.  and    :ire  able  to 

t!i  ti.ur  atoms  of  a   hydrogrn    acid.     Thus,    if  l.ihmn, 
.,,-    l.e  allowed    to    art    upon   et hyk-ne  diamine    in    tin-  pie- 
•  romic   acid,    tin-   hydrol.rornate  of  trieth\  lene-tetramine   is   ob- 
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B      'I1-.-    4-  2N,(CJI.,"II,         •JHIJ:- 
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and  if  this  be  decomposed  with  oxide  of  silver,  n  strmi^ly  alkaline  solu- 

llnad,  whi.-h  Contain-  t  ri»-th\  inic-t.-t  rainii  II  .  01 

a  i|uailrupU'  nmK-cnli- of  aninmnia  •  N,H,.'.  in  which  half  tin-  hyilrogen  is 

n  C.H.Hr.  with  «thylnmine,a  -  having  the  composition 

(    II    .li    lir..  reprtMotbui  four  in.>lrcul«->  ..i  hromi,!.-  of  ammonium 

::  imibii 

broliiidoH  -tnMi'^ly  Jilkaliiii-  NM-.-,  tln-h\ 

lained,  wh; 

.Mitiniiiin  i  N  H,li- 
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ethyle,  yielding  [N4(C,Ht 

NVh.-n  ilifthvlainiiif  (  N  II  C,H5),)  act*  on  bibroi  bromide  of 

Mtuiii,    N4  '  1!      I!     I  :ned,    which 

rniahea  a  powerfully  alkaline  bn»e  [N^CtH4),7/i<    II 

390.  We  are  not  entirely  dependent  iipon  juirrly  artificial  processes 
for  tlu-   ainnmnia  La-c-s  cnntainiiiur  aK-«.hnl-r:idifaU.      Many  processes  of 

•i.-tiiin  furnish  certain  of  t  liese  bases  which  had  hithcrt..  UMM. 

.   liu-ncc  nf  their  rtMOlbkulOe  t-.  ainnmnia.      Tliu^.  pntn-- 

i'.'.iir  yi.-l.U  «-th\  laniinc.  t  rinu-t  hylaminc.  and  am\  laininc  :  trinu-thyl- 

«  finiiiil  in  the  roe  of  herrings,  as  also  in  putrefied  urine  and 

in  tin-  (  •  :  it  may  also  be  obtained  l>y  distilling  erffOt 

\|.  -li\  laniine.ethylaniine.  t  \IlClli. 

i  .C  II     ,or   /  .     :id    amylamine,  are  found    ani.>n- 

distillation  of  bones. 

'••*,  Arsenic, 

It  nii-ht   be  expected   that    the  aninioi, 
of  any  further  modification^,  lint  it  lias  been  found  th:, 

-.'that  type  may  I)*  ther  elements  which 

•  •ally  related  to  it. 
ij,  aneoio, and  phosphoros,  H  will  i.e  remembere<L  all  form 

i  three  atoms  of  hydro^,.,,.  SMI  .  A -II  .  and   I'll  .  \\hich 
yarded  as  formed  up-. n  the  anniK -ilia    • ;.  ;  ••.      \-    '    •:    of  UMS4 
i ,  possesses  any  alkaline  cliaracter.  the  la>t  al«.m-  l.einur 
.'•iiiinu'  with  c.  :id  hydiiodic). 

1\     I.eeli    I;  »!ll|Mi||||iN 

1  hydrogen 
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may  be  obtained,  in  which  the  place  of  the  hydrogen  is  occupied  by 
certain  alcohol-radicals  ;  but  in  these  cases  the  hydrogen  does  not  admit 
of  partial  replacement,  only  those  compounds  which  correspond  to  tri- 
ethylamine  and  trimethylainine  having  been  obtained. 

Triethylstibine,  Sb(C2H5)3,  and  triethylarsine,  As(C2H5)3,  have  al- 
ready been  noticed  amongst  another  class  of  bodies  to  which  they  seem 
properly  to  belong,  since  they  are  not  capable  of  forming  salts  corre- 
sponding to  those  of  ammonia  (see  p.  562). 

With  trietliylphosplune,  however,  the  case  is  different;  this  substance, 
P(C2H5)3,  is  a  true  ammonia,  capable  of  forming  salts  with  the  acids, 
like  etiiylamine,  although  exhibiting,  unlike  that  body,  a  very  powerful 
tendency  to  combine  directly  with  an  atom  of  oxygen  or  sulphur,  to 
form  compounds  resembling  those  of  the  arsenic  and  antimony  series 
(see  p.  562),  and  formed  upon  the  type  of  phosphoric  chloride  (PCL). 
Thus  we  have — 

Oxide  of  triethylphosphine,    .     PE30 
Sulphide,  .     PE3S 

and  the  corresponding  compounds  containing  methyle. 

Triethylphosphine  is  obtained  by  the  action  of  terchloride  of  phos- 
phorus upon  zinc-ethyle,  2PC13  +  3ZnE2  =  2PE3  +  3ZnCl2.  It  is  a 
volatile  liquid  of  a  very  peculiar  powerful  odor,  the  vapor  of  which,  when 
mixed  with  oxygen,  explodes  with  great  violence  at  a  temperature  far 
below  212°. 

By  acting  upon  triethylstibine,  or  stibio-triethyle,  with  iodide  of 
ethyle,  an  iodide  is  obtained  which,  when  decomposed  by  oxide  of 
silver,  yields  the  hydrate  of  tetrethylstibonium  (SbE4HO),  formed  after 
the  iype  of  hydrate  of  ammonium  (NH4HO). 

In  a  similar  manner  there  are  obtained  the  hydrates  of  tetrethylarso- 
nium  (AsE4HO)  and  tetrethylphosphonium  (PE4HO),  and  their  corre- 
sponding methyle  compounds. 

These  substances  are  precisely  similar  in  properties  to  the  hydrate 
of  tetrethylium,  being  powerfully  caustic  alkalies  bearing  a  close  resem- 
blance to  caustic  potash. 

A  very  remarkable  base  has  also  been  obtained,  composed  after  the 
type  of  a  double  molecule  of  the  imaginary  hydrate  of  ammonium  (N., 
H8H2O2),. in  which  one  atom  of  nitrogen  has  been  replaced  by  phos- 
phorus, and  the  other  by  arsenic,  whilst,  of  the  hydrogen,  two  atoms  are 
replaced  by  the  diatomic  radical  etlrvlene  (C2H4)",  and  the  remainder  by 
ethyle.  This  base  has  been  styled  the  hydrate  of  ethylene-hexethyle- 
diphospharsonium,  and  its  formula  is — 

PAs(C2HJ"(C2H5)6H202. 

This  base  combines  with  two  molecules  of  acids  to  form  salts,  and  be- 
haves in  every  respect  as  a  double  molecule  of  caustic  potash  would  do. 
By  acting  upon  triethylphosphine  with  chloroform  (CHC13),  contain- 
ing the  triatomic  radical  formyle  (CH)'",  a  chloride  has  been  obtained 
which  is  composed  upon  the  t}7pe  of  three  molecules  of  chloride  of  am- 
monium (3NH4C1  =  NSH12C13),  in  which  one-fourth  of  the  hydrogen  is 
replaced  by  formyle,  and  the  rest  by  ethyle ;  the  composition  of  this 
chloride  is  therefore  (P.,(CH)'"(C2H5)9C1S)  ;  from  this  compound  various 
salts  have  been  obtained  containing  the  corresponding  oxide,  combined 
with  three  molecules  of  the  acids,  but  the  hydrate  itself  has  not  been 
obtained. 

3P(C2H5)3    +     (CH)'"C1,    =    P3(CH)'"(C2H5)9C13. 

Triethylphosphine.  Chloroform.  Trichloride  of  formyl-nonethyl- 

triphosphonium. 


AMIDES. 

"'•'J     T!i--  ir,-:i;M   ir.t"  tl."  Constitution  ••!"  th«-  I.  :!•••-  <l.-ri\  .-I   fn.in  :i:ntn.  T.  :  t.   u  !,:    !. 

hM  been  acquir.-.l  in  it.,   r  .....  an  h—  d«-t:i  d  chemist-  • 

to  apply  the  same  principle*  to  certain  inorganic  base*  derived  from  ammonia  by 

the  act!  'rtllic  tails. 

Thus,  by  the  action  of  (proto)  chloride  of  platinum  .nia  (see  | 

a  compound  is  obtained  which  may  be  regarded  at  simply  l't<  'I, 
this  is  treat*  lo  of  silver,  the  Cl  is  removed  in  th<>  form 

la  caustic  alkaline  base  is  separated,  which  ha-  in  PtO.fN  I: 

viewed  upon  the  type  of  oxide  of  ammoniuir,  N  ,11,1*10  oxide  of  platam- 

n-r  --thy!  id  of  ammonia  there  would  be  obtained  N  1M 

xide  of  etayloplatammonfam. 

;..uii.l   I'tCl.  MI|),  (or  rather  N.H.l'  ule  of  plat.. 

>  aptiri  tn-atitl  with  ammonia,  it  yield*  NjH^Pt.CUNH,).,  and  when  tin-  i« 
decomposed  with  oxide  of  silver,  another  caustic  alkali  i*  obtained,  '><>  com- 

|....iti.,n  N..!!,.!'!  NH,  ..!!/>,  which  inay  »..-  rewded  u«  N.H.Pt  Ml,    II  <>  Uw  hy- 
drate  of  platammon-ammonium  (hydrate  of  diplatosamine)  ;  it  vs 
a  double  molecule  <>f  hydrato  of  ammonium  (NH4HO),  in  which  two  atoms  of  hy- 
droeen  are  replaced  by  "plHtinum  und  two  by  ammonium. 

remarkable  and  beautiful  crystalline  cotn|Hiunds  have  also  been  obtained, 
which  are  formed  after  the  type  of  chloride  of  phitiimtnoiiiurn,  hut  contain 
phosphorus,  antimony,  or  arsenic,  in  place  of  nitrogen,  and  ethyle  in  place  of  hy- 
n  ;  these  are- 

Chloride  of  plato-tritihyl-diphosphoninm,  .         .     P,Pt((    I!       • 
"  "  artonium.  .         .         . 

"  "  ftibmium,  .         .         . 


NH,(C.H4C1),  weak 
NH,(C,B,C1,),  weaker  base. 
NH_(C«H_Cl.i.  neutral. 


Corresponding  salt*  have  also  been  obtained  containing  gold  in  the  place  of  pla- 
tinum, and  forming  beautiful  colorlc*»  crystal*. 

In  some  bases,  chlorine,  bromine,  and  even  nitric  poroxi  i  \(  •  .  h:m 
Ixtii  introduced  in  the  place  of  hydrogen  into  tin-  :il«ih<>l  r:uli«-:il,  l>ut 
in  all  these  cases  the  basic  energy  is  diminished  by  such  substitution, 
ami  in  some  altogether  destroyed. 

Thus,  in  tin-  anilim-  (pheny  famine)  series,  we  have  — 

Chloraniline,    .... 

Dichloraniline, 

Trichloranilinc, 

milino,      .... 
Dinitraniline.  .        . 

ides.  —  When  oxalate  of  ammoni:,     \  II     (\0t  is  snl-j.  •••• 
«  li-t  illation,  a  white  crj'stalline  sparingly  soluble  sn) 
which   has  been    n:n  1    i>    iv|.iv>mtr.l    hy   tin-   torinula 

<  \  I!  ).C,O,.    This  substance  is  di-riv«-«i  IV.MII  the  ammonia  salt  by  th. 
loss  of  two  molecules  of  water  — 

I     .'A  211,0  \H     (',0, 

jin«l   its  close  relationship  to  oxalate  of  ammonia  is  shown  by  t! 

cumstance  th:it    it    in   ivr.,nvt.rh-.l  hit-  •!  with  watrr  in 

a  seal*  •    •       I    .         :       -imply  boiling   it  with  w:it«-r  t<>  which  :i 

little  uci<l  or  alkali  has  been 

Oxamide  is  i  .l\  prvp:tiv<l  i-\  •!«  .  ..mposing  oxalic  ether  \\ith 

1  as  a  win  ipitate  — 

•    II     «    '•  -MI,    =     aril  IK)      -        V 

Oanflf  sftw,  A:    i.  :  0*a: 
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If  one  of  the  compound  ammonias,  such  as  ethylamine  and  aniline,  be 
employed  instead  of  ammonia,  ethyloxamide  and  oxanilide  are  produced— 

(C2H5)2C204    +    2(NH2.C2H5)    =    2C2H5HO    +    (NH.C2H5)2C202, 

Oxalic  ether.  Ethylamine.  Ethyloxamide. 

(C2H5)2C204    +    2(NH2.C6H5)    =    2C2H5HO    +    (NH.C6H5)2C202. 


Aniline. 


Oxanilide. 


Oxamide  is  the  representative  of  a  large  class  of  bodies,  known  as  the 
amides,  which  may  be  defined  as  substances  capable  of  being  converted, 
by  the  assimilation  of  the  elements  of  water,  into  the  ammonia-salts 
from  which  they  are  derived. 

Some  other  interesting  members  of  this  class  are  here  enumerated, 
together  with  the  corresponding  ammonia-salts — 

.  NH9.CHO  Formiate  of  ammonia,  (NH4).CHO2 

.  NH2.C2H3O  Acetate,     .         .         .     (NH4).C2H3O2 

.  NH2.C4H70  Butyrate,  .         .         .     (NH4).C4H7O2 

.  NH2.C7H5O  Benzoate,.         .         .     (NH4).C7H502 


Formamide, 
Acetamide, 
Butyramide, 
Benzamide, 


It  is  evident  that  these  amides  may  be  regarded  as  derived  from  ammo- 
nia by  the  substitution  of  a  compound  group  for  one  of  the  three  atoms 
of  hydrogen. 

When  binoxalate  of  ammonia  (NH4HC204)  is  distilled,  at  a  moderate 
heat,  a  solid  acid  substance  is  left  in  the  retort,  which  is  known  as 
oxamic  acid,  NH2.HC203,  and  forms  soluble  crystallizable  salts  with 
lime  and  baryta,  both  which  bases  yield  insoluble  salts  with  oxalic  acid. 

When  the  solution  of  oxamic  acid  in  water  is  boiled,  it  is  reconverted 
into  the  binoxalate  of  ammonia — 


NH2HC203 

Oxamic  acid. 


H20     =     NH4.HC204. 

Binoxalate  of  ammonia. 


Oxamic  acid  is  the  representative  of  a  limited  class  of  acids  formed  in 
a  similar  manner. 


394.  Nitriles. — When  oxalate  of  ammonia  is  mixed  with  anhydrous 
phosphoric  acid  and  distilled,  it  loses  4  molecules  of  water,  leaving 
cyanogen  (NH4)2C2O4  —  4H20  =  2CK 

In  a  similar  manner,  benzoate  of  ammonia  yields  benzonitrile — 


NHtC,H,0,    - 

Benzoate  of  ammonia. 


2H,O     = 


C,H5N. 

Beuzonitrile. 


The  new  compound  is  an  oil  which  has  a  powerful  odor  of  bitter  almonds, 
and  is  reconverted  into  benzoate  of  ammonia  by  boiling  with  dilute  acids 
or  alkalies. 

The  term  nitrile  is  applied  to  all  similar  substances  which  are  derived 
from  ammoniacal  salts  by  the  loss  of  2  molecules  of  water,  and  are 
capable  of  reconversion  into  those  salts.  It  will  be  remembered  that 
many  of  these  nitriles  are  identical  with  the  cyanides  of  the  alcohol- 
radicals. 


Oxalonitrile,    NO 
Formonitrile,  NCH 
Acetonitrile,    NC2H3 
Propionitrile,  NC3H5 
Benzonitrile,   NC7H 


Cy,  cyanogen. 
Hpy,  hydrocyanic  acid. 
CH3.CN,  cyanide  of  methyle. 
C2H5.CN    '     "  ethyle. 

C6H5.CN        "          phenyle. 


A  by  no  means  numerous  class  of  substances,  frequently  spoken  of  as 
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,'  arc  obt:.  n  of  heat  U|M»M  thr  :»«-i«l    an; 

salts  <  Mbasir  :i  he  loss  of  2  molecules  of  win 

Ml  IK     II   n      —    2H,0     =     NH.CMHuOr 

Bkamphorato  of  ammonia.  Camphorimlde. 

896.  If  the  amide*  be  regarded  as  immedi  ':i  by  substi- 

tution, rii.-ir  want  <>f  alkaline  properties  must  be  ascribed  to  the  it  -i  of  an 

i.liral  in  place  or  the  hydrogen. 

v ..lie  ncid  be  regarded  as  Ht(C,O,)Or  then  oxamide  may  be  viewed  as  a 
ule  of  ammonia,  in  which  two  atoms  of  hydrogen  have  been  displaced 

by  (C,of) »  Ni  1 (  ft*' 

I        "4 

Again,  if  ben  zoic  acid  and  salicylic  acid,  respectively,  be  regarded  as  (CTHkO)HO 
and  (C7H5O,)UO,  th  .ides  would  be  represented  as— 


Benzamide,  N 
Salicylamide,  N  {  (Cj}!»°i)' 


and  it  should  be  possible  to  procure  them  from  ammonia  by  processes  similar  to 
that  which  furnishes  ethvlaimne,  &c.  It  i>  found  that  when  chloride  of  ben  zoyle  it 
heated  with  ammonia,  benzamide  is  really  produced  — 

0  ll  0  01     +    2NH,    =     MI.  r.IIjO    +    M 

Bensainide. 
benzoyle. 

But  we  ought  also  to  be  able  to  carry  the  substitution  farther  by  displiK 
rcinnining  hydrogen;  accor  •'.  aide  and  salicylamide  are  heated 

together,  ammonia  is  disengaged,  and  benzoyl-salicylamide  obtained  — 

CTH$0  II&0,  (CTHftO 

H  +      \     V  =    N]cXo,    +     NHt. 
H                 I     H  I     H 

l:>  SalicyUmlde.  Benxoyl-ttlicyUmlde. 

tained  in  which  the  three  atoms  of  hydrogen  in  ammo- 
nia are  displaced  by  different  radicals. 

It  is  evident  that  the  imides  might  be  regarded  as  ammonias  in  which  two  atoms 
of  hydrogen  have  been  replaced  by  a  diatomic  radical,  thus  — 


f 

N  ' 


Camphorimide,  N  {   '     I,II> 


and  tin-  nitriles,  as  ammonias  in  which  all  the  hydrogen  has  been  replaced  by  a  tri- 
atomic  radical,  but  experimental  evidence  is  scar<  Itese  views. 

If  the  amides  be  really  derivatives  from  ammonia,  it  would  be  expected  that 
similar  bodies  should  be  derived  from  pbosphuretted  hydrogen  I'll  \ 

i-  furm-hi-d  by  tribemoyt-pkuphuU,  P(CTH66),,  which  is  obtain,  d   l-y  tin- 
action  of  chloride  of  benzoyle  upon  phosphuretted  hydrogen. 

PH,    +    8(CTHftO.Cl)     =    P(C7H60),    +    8HC1. 
Chloride  of  Tribt-nx-.yl- 

phosphide. 

896.  Metal  Am  i<l'*.— The  possibility  of  substituting  im-taU  f..r  the 
hydrogen  in  ammonia  has  only  recently  been  fully  eM:iMi-ln-'l.  though 
it  had  long  been  known  that  \\hrn  potassimn  an. I  sodium  \\,-iv  heated 
in  gaseous  ammonia,  hydrogen  was  evolved,  ami  r  >ta**amide  and  soda- 
mule  were  produced — 

MI,    +     K    =    NH,K     +     II. 

\Vli.  ii  potassamide  is  heated,  ammonia  is  evol 
,\K  .1— 

8(NHyK)    =    NK,    4-    2NHr 

oriidDally  employed  upon  the  supposition  that  tbcw  bodiv  oonUOs)  the 


L  ..:...  I 
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If  ammoniacal  gas  be  passed  into  an  ethereal  solution  of  zinc-ethyle, 
hydride  of  ethyle  is  evolved,  and  a  white  amorphous  precipitate  of  zinc- 
amide  separates  — 


2XH3  +  (C2H5)2Zn  =  (NH2)2Zn  +  2(C,H6.H). 

Zinc-ethyle.  Zincamide.  Hydride  of 

ethyle. 

When  zincamide  is  brought  in  contact  with  water,  it  is  decomposed  with 
evolution  of  heat,  yielding  hydrated  oxide  of  zinc  and  ammonia  — 

(NH2)2Zn  +  2H20  =  2XH3  +  ZnO.H20. 

The  decomposing  action  of  zinc-ethyle  upon  the  bases  derived  from 
ammonia  is  parallel  with  that  upon  ammonia  itself.  Thus,  with  aniline  — 

2(NH2.C6H3)  +  (C2H5)2Zn  =  (XH)3Zn(C6H5)2  +  2(C2H5H). 

Aniline.  Zinc-ethyle.  Zinc-phenylimide.  Hydride  of  ethyle. 

When  the  zinc-phenylimide  is  treated  with  water,  of  course  aniline  is 
reproduced. 

When  diethylamine  is  heated  with  zinc-ethyle  — 

2X(C2H5)2H  +  (C2H5)2Zn  _  X2(C2H5)4Zn  +  2(C,H..H). 

Diethylamine.  Diethylzincamine. 

When  zincamide  is  heated  above  400°  F.,  it  is  decomposed  into  am- 
monia and  nitride  of  zinc  (X,Zn3),  which  represents  ammonia,  in  which 
the  three  atoms  of  hydrogen  are  replaced  by  zinc  — 

3(XH2)2Zn  =  X2Zn3  +  4XH3. 

Zincamide.  Nitride  of 

zinc. 

The  nitride  of  zinc  is  a  gray  powder,  which  is  unaffected  by  a  red  heat 
if  air  be  excluded.  If  it  be  moistened  with  water,  it  becomes  red  hot, 
being  decomposed  with  great  violence,  according  to  the  equation  — 

X2Zn3  +  6H2O  =  2XH3  +  3(ZnO.H20). 

It  might  be  anticipated  that  if  the  amides  be  truly  formed  after  the  am- 
monia-type, they  should  behave  towards  zinc-ethyle  in  the  same  manner 
as  ammonia  and  aniline. 

By  heating  oxamide  with  zinc-ethyle,  two  of  its  atoms  of  hydrogen 
may  be  replaced  by  zinc  — 

X2H4.C202  +  Zn(C2H5)2  =  X2H2Zn.C2O2  +  2(C2H5.H). 

Oxainide.  Ziuc-oximide. 

In  a  similar  manner,  acetamide  (XH2.C2H30)  is  converted  into  zinc-ace- 
timide  X2H2Zn(C2H30)2.  These  bodies  are  reconverted  into  their  cor- 
responding amides  and  oxide  of  zinc,  when  treated  with  water. 


DERIVATIVES  or  THE  ALCOHOLS. 

397.  Chloroform. — Among  the  useful  substances  prepared  from  mem- 
bers of  the  alcohol  series,  chloroform  (CHC13)  occupies  a  prominent 
position. 

It  is  prepared  by  distilling  1  part  of  alcohol  with  6  parts  of  chloride 
of  lime,  and  24  parts  of  water,  until  about  1 J  part  has  passed  over ;  the 

37 
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distilled   liquid.  -i  LI  chiefly  of  water  and   ehlon,  form,  separates 

\vo  layers,  the  heavier  being  ohl  j  .  JT«  1  ..'•).     The  upper 

aqueous  la  :•    -ij-li-.n.  tin-    clil'>r.,t'..nii    i- 

of  vitriol  to  remove  certain  volatile  oils.  \\  hieh  h:r 
till.  .1  over  with  it.  nnd  as  soon  as  it  has  ri  .•  surface  of  th.-  oil 

drawn  off  and  rectified  by  distillation,  until  it  boils  regu- 
larly at   l»l'°  F. 

The  chemical  change  involved  in  the  j.:  oform  ap- 

pears to  consist  of  two  distinct  stages,  in  the  first  of  which  the  alcohol 
is  converted  into  chloral  by  the  action  of  the  chlorine  furnished  1>\  the 
Chloride  of  lime,  r.II,<>  4-  Cl,  =  C,HC1,O  +  MIC1;  the  hydrochloric 

Alcohol.  r»l. 

acid  is,  of  course,  neutralized  by  the  lime.     In  the  second  stage  the 

chloral  is  acted  upon  by  the  hydrate  of  lime,  which  is  always  present   in 
coniniereial  chloride  of  liine,  and  i-.   converted  into  chloroform  and  f..r- 
of  lime,  2C,HC13O  +  CaO.H  o  =  Ca(CHO,),  +  2C1 

<  hl..ral.  Formiatc  • 

(  'hloroform  is  remarkable  for  its  very  fragrant  odor,  and  for  the  power 

vapor  to  produce  insensibility  to  pain.  f«»r  which  purpoM*  it  li 
u-ed  in  surgical  operations.    This  property  is  not  peculiar  to  clilomfoi  in, 
but  is  possessed  in  different  degrees  by  most  other  liquids  of  powerful 
ethereal  odor,  such  as  ordinary  ether,  bisulphide  of  carbon,  bichloride 
hh  .ride)  of  carbon,  Ac.     Chloroform  is  also  used  t'<>i  •  di^.-lvintj 
caoutchouc,  which  it  takes  up  more   readily  and  abundantly  than   any 
other  liquid,  and  is  employed  for  extracting  the  poisonous  alkal<>i  ! 
ticularh  >trychnine).  when  mixed  with  organic  matter-.     The  name  ehlo- 
rofonn  has  been   conferred  upon  <>n  the  supposition  that 

it  contained  the  radical  of  formic  acid  (  tormyle  ('II  >.  ami  it  is  .sometimes 
''**  offont''/!'  .     This  brlief  i>  encouraged  by  it-  be- 

havior with  an  alcoholic  solution  of  potash,  when  it  yields  l<.nniate  of 
potash  and  chloride  of  potassium  — 

(  IIC1,  +  4KHO  =  KCHO,  +  3KC1  +  2H,0. 

Chloroform.  Formimtc  of  potaah. 

Hut  the  processes  by  which  it  may  be  formed  would  lead  us  to  i, 
as  a  sul'^titution-product  from  marsh-gas  (hydride  of  meth\  !«•.  r||  .11  ). 
If  marsh-gas  be  diluted  with  an  equal  volume  of  carbonic  acid,  and  to 
1  volume  of  this  mixture  at  least  1J  volume  of  chlorine  be  add.-d.  chlo- 
roform is  slowly  produced.  ('II,  4-  C1.  =  3HC1  +  ('IK  !  Chloroform 
is  also  formed  by  the  action  of  chlorine  upon  chloride  of  methyle  — 

(•11,01  +  ci4  =  CHCI,  -i  -Jim. 

Wood-spirit  (hydrated   oxide   of  met  hyle)  may  be    employed    instead 
of  nlc"h"l  for  the  preparation  of  chloroform. 

If  e!  ,  be  distilled  in  a  current  of  chl<>:  i  into 

dorideot  ,OH01         «'|      --  CC14+  IK'l.     \VI,enel.|or,,tonn 

•Aith    aiiial-jam  of  |.(,tas>ium.  acetylrm    (('II 
which  is  polymeric  \\ith  the  hypothetical  radical  form\  le  «    II. 

«  «'iii{rj)and  lodofoi  „,  «riii 


<  'IM  '1  <>  ,  \\hich  has    been  mentioned  a-i    result  \u^  fi..m    the 
:il..rim-  upon  ale.,  hoi.  may  l«e  regarded  as  ald»-hyde     ('  IH>i. 
in  which  '  :    hydroL"  i  l>y  ehl«>rine. 

j.repan-d  bypassing  thoroughly  drie<  I  chlorine  into  absolute  alco- 
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•hol,  which  must  be  placed  in  a  vessel  surrounded  by  cold  water  at  the 
commencement,  because  the  absorption  of  chlorine  is  attended  by  great 
evolution  of  heat.  The  passage  of  chlorine  is  continued  for  many  hours, 
and  when  the  absorption  takes  place  slowly,  the  alcohol  is  gradually 
heated  to  boiling,  the  chlorine  being  still  passed  in  until  the  liquid  re- 
fuses to  absorb  it.  The  principal  reaction  is  C2H60  (alcohol)  +  C18  = 
C2HC130  (chloral)  +  5HC1.1  But  a  secondary  reaction  takes  place  be- 
tween the  hydrochloric  acid  and  the  alcohol ;  (C2H5)HO  (alcohol)  +  HC1 
=  H2O  +  (C2H5)C1  (hydrochloric  ether).  The  water  thus  formed  com- 
bines" with  the  chloral,  forming  a  heavy  oily  liquid,  which  solidifies  on 
standing  to  a  white  crystalline  mass  of  chloral  hydrate,  C2HC13O.H20. 
To  obtain  chloral  itself,  this  must  be  distilled  with  twice  its  volume  of 
oil  of  vitriol  to  remove  the  water,  and  with  quicklime  to  remove  the 
hydrochloric  acid. 

Chloral  is  a  colorless  liquid,  with  a  peculiar  pungent  odor,  exciting  to 
tears.  Its  sp.  gr.  is  1.5,  and  it  boils  at  201°  F.  It  makes  a  greasy 
mark  on  paper,  and  mixes  with  water,  alcohol,  and  ether. 

When  mixed  with  a  small  quantity  of  water,  combination  takes  place, 
with  evolution  of  heat,  and  the  crystallized  hydrate  is  produced.  Ex- 
posed to  moist  air,  it  absorbs  water  and  forms  the  hydrate.  The  chloral- 
hydrate  itself  readily  absorbs  water  from  the  air ;  it  may  be  sublimed 
without  decomposition. 

When  kept,  chloral  suffers  a  change  somewhat  resembling  that  of  alde- 
hyde, becoming  an  opaque  white  mass,  insoluble  chloral,  insoluble  in 
water,  alcohol,  and  ether,  and  inconvertible  into  liquid  chloral  by  distil- 
lation. Left  in  contact  with  water,  it  becomes  gradually  converted  into 
chloral  hydrate.  Chloral  is  decomposed  by  solution  of  potash  ;  C2HC13O 
(chloral)  +  KHO  =  KCHO2  (fonniate  of  potash)  +  CHC13  (chloroform). 

Chloral  hydrate  has  been  latety  much  used  medicinally  for  procuring 
sleep.  The  distillation  of  starch  or  sugar  with  hydrochloric  acid  and 
binoxide  of  manganese  furnishes  chloral,  together  with  other  products. 

398.  Perfume-Ethers — Certain  of  the  compound  ethers,  formed  by 
the  combination  of  oxide  of  ethyle  and  its  analogues  with  the  acids  of 
the  acetic  series,  are  employed  in  perfumery  and  confectionery. 

Thus,  the  butyrate  of  ethyle,  or  butyric  ether  (C2H5.C4H702),  prepared 
b}'  distilling  butyrate  of  potash  with  alcohol  and  sulphuric  acid,  has  a 
decided  flavor  of  pine-apples.  Acetate  of  amyle  (CgH^.CjHjO,)  has  a 
very  strong  resemblance  in  taste  and  smell  to  the  jargonelle  pear ;  it  is 
obtained  by  distilling  fousel  oil  (hydrated  oxide  of  amyle)  with  acetate 
of  soda  and  sulphuric  acid. 

The  valerianate  of  amyle,  which  has  the  flavor  of  apples,  and  is 
known  as  apple-oil,  is  obtained  by  distilling  fousel  oil  with  sulphuric 
acid  and  bichromate  of  potash,  when  the  chromic  acid  of  the  latter  oxi- 
dizes one  portion  of  the  hydrate  of  amyle  (CJH^.HO),  converting  it 
into  valerianic  acid  (C5H1002),  which  then  forms  the  valerianate  of 
amyle  (C^.C.H.OJ. 

399.  ALDEHYDES — Vinic  or  Acetic  Aldehyde. — It  has  been  already  no- 
ticed (p.  521)  that  a  considerable  loss  of  alcohol  has  occasionally  taken 
place  in  the  manufacture  of  vinegar,  in  consequence  of  the  formation  of 
aldehyde  (C2H40)  instead  of  acetic  acid  (C2H4O2)  b}^  a  partial  oxidation 


An  intermediate  compound  of  chloraljind  alcohol,  CaHCltO.CiTHgO,  also  appears  to  be  formed.    It 
i  solid  crystalli; 
distinguishes  it  fr 


.,  ..-  , 

is  a  solid  crystalline  body,  fusing  at  115°  F.,  boiling  at  234°  F.,  and  difficultly  soluble  in  water,  which 
hes  it  from  chloral  hydrate.    Heat  decomposes  it  into  chloral  and  alcohol. 
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of  the  alcohol.  In  order  to  prepare  aldehyde  in  quantity,  alcohol  is  dis- 
tilled \Mth  Milphiirie  acid  an<l  hinoxide  of  manganese,  or  with  sulphuric 
a< -id  and  bichromate  of  potash,  or  it  may  be  oxidized  by  chlorine  in  the 
presence  of  w.v 

Three  part*  of  binoxide  of  manganese  in  fine  powder  are  introduced  into  n 
and  a  mixture  of  8  part*  of  sulphuric  acid  and  2  of  water,  which  ha*  been  allow*  .1 
IJ...M  it.     2  part*  of  alcohol  (ftp.  gr.  .85)  arc  then  added,  tl. 
thi-  vapors  condensed  in  a  Liebig's  condenser, 

worm  (Fiif.  214)  supplied  with  iced  water.     If  bichromate  of  potash  be  employed, 

8  parts  of  the  salt  parts  of  al<  -retort 

1  in  cold  water  to  moderate  the  action,  and  a  mixture  of  4  parts  of  sulphuric 

ii'  M  with  three  times  its  volume  of  water  is  allowed  to  flow  slowly  into  the  retort. 

title  heat  may  be  applied  when  the  action  has  moderated. 

lit  these  processes  the  alcohol  is  oxidized  according  to  the  equation : 
C.H.O    +    O    =    C,H40     +    H,0. 

Alcohol.  t.yde. 

In  the  first  process  the  oxygen  i^  derived  from  the  binoxide  of  man- 
ganese, leaving  sulphate  of  manganese  (MnO.SOJ  in  the  retort;  in  the 

i  jMoce>>.  the  chromic  acid  of  the  bichroni:i 

sulphate  of  chromium  (Cr,Or3SO3)  being  form.  «1.    As  miu'ht  IK-  exj 
a  portion  of  the  alcohol  is  oxidized  to  a  h  ^ree,  and  com 

etlc  acid  (CjH/),),  so  that  some  acetic  ether  comes  over  together 
with  tin-  aldehyde.     Another  product,  act  tal,  is  also  found  in   the  di-til- 

>iich  has  the  composition  r  II  ,n.,  and  maybe  regarded  as  i 
ing  from  the  union  of  ether,  formed  by  a  secondary  action  of  the  snl- 
pliurii-  acid  ui.on  the  alcohol,  with  aldehyde  ((CjHJjO.C.H.O). 

ii-iillim,'  the  ald<-hyde  with  an  equal  weight  of  fused  chloride  of  calcium  in 

••;ith.  it  may  b<-  i  most  of  the  water  and  :. 

•\  iK-himl  in  tin-  :  :.i  "I"  iilil.-hydf  !•  ''7.8°  F. 

.ti'-n,  It  may  l>  "  and  acetn 

advantage  <>l  min?  with  ammonia  to  form  a  compound 

i«  in-oluhlf  in  ether:  the  rectified  aldehyde  is  mixed  with  twice  its  v<»lu 

1  by  ice,  and  saturated  with  gaseous  ammonia  (p.  158), 
whi-n  u  -tills  of  nl'i-  SB     '     II  .'  ' 

1  tilling  thboompooad   with  diluted  sulphuric  acid,  aii'i  -4  the  vapor 

in  a  thoroughly  cooled  •  '•••  i*  ohtaii  «t  por- 

tions of  water 'may  be  removed  by  standing  over  fused  chloride  of  calcium  and  a 

Aldehyde  may  be  recognized  l«y  i»s  peculiar  acrid  odor,  which  I 
the  eyes,  as  well  as  by  its  volatility  and  inflannnnl»ilit\ .     It   absorbs 
oxygen  from  air  even  at  the  ordin:  ire,  and  is  gradual! 

,  into   ac«  Its   attractioi  |M    enal  :.-dnee 

the  salts  of  silver  t..  tlie  inetallie  ^  :i  ciiara.  •  ^t   f,,r  aide- 

consists  in  adding  a  lit'  ..f  >ilvi-r  and  a  trace  of  ainni'Uiia  : 

.  the  >ilver  is  deposited  as  ft  mirror  on  tin 

tube.     In  contact  with  hydrate  of  potash,  aldehyde  nn  leoom- 

.elding  a  brown  substan  an«l  a  solution 

of  act-1  of  potash.     l'»y  tli^tillin^  a  mixtiiiv  Ol 

salts,  aldehyde  may  !>••  r.  j-iodiu.  d  : 

KC.H.O,    -•      Kriio.    =    K^.CO,    -h    (1 

AeeUtr  of  iU«  of 


•US   lend    8Om«  to    the    n]>ini..n.    that    aldehyde 

should  l-e  ,^  framed  n|»«»n  tl.<  ult-  of 

.•n     1111),  in  which  th-  ttoin  of  h  , 
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by  acetyle  (C2H30),  the  hypothetical  radical  of  acetic  acid.  For  if  for- 
miate  of  potash  be  distilled  with  caustic  potash,  it  yields  carbonate  of 
potash  and  two  atoms  of  hydrogen,  KCHO,  +  KHO  =  K2O.C02  +  HH  ; 
and  if  acetate  of  potash  be  employed  instead  of  the  hydrate,  aldehyde 
is  obtained  instead  of  hydrogen. 

KCH02    +    K(C2H30)0     =    K2O.C02    +    (C2H3O)H. 

On  this  view  it  is  easy  to  explain  the  tendency  of  aldehyde  to  undergo 
oxidation,  forming  acetic  acid,  just  as  hydrogen  is  converted  into  water 
by  oxidation. 


Type. — Molecule    of    water,   H20 
Acetic  acid  (C2H30)HO." 


Type. — Molecule  of  hydrogen,  H.H 
Aldehyde  (hydride  of  ace- 
tyle), CSH;O.H 

As  might  be  anticipated,  it  is  found  that  when  vapor  of  aldehyde  is 
passed  over  heated  caustic  potash  (mixed  with  lime),  it  yields  acetate  of 
potash  and  hydrogen,  C2H  O.H  +  KHO  =  H.H  +  K(C2H30)0. 

By  the  action  of  potassium,  the  atom  of  hydrogen  may  be  displaced 
from  the  aldehyde,  and  the  compound  (C2II30)K  obtained. 

In  contact  with  water  and  sodium  amalgam,  aldehyde  combines  with 
the  nascent  l^drogen,  and  produces  alcohol.  Chlorine  displaces  three- 
fourths  of  the  hydrogen  from  aldehyde,  producing  chloral,  C2C13HO, 
which  has  been  already  noticed  as  yielding  chloroform  when  acted  on 
by  alkalies. 

Perfectly  pure  aldehyde  cannot  be  kept  for  any  length  of  time,  even  in 
sealed  tubes,  since  it  becomes  converted  into  metaldehyde  and  elaldehyde, 
which  have  the  same  composition  as  aldehyde,  but  differ  widely  from 
it  in  properties,  metaldehyde  being  a  crystalline  solid,  and  elaldehyde  a 
liquid  boiling  at  201°  F.  The  true  formula  of  elaldehyde  would  appear 
to  be  C6H12O3,  for  the  specific  gravity  of  its  vapor  is  4.52,  or  three  times 
that  of  aldehyde  vapor  (1.53).  Metaldehyde  is  reconverted  into  alde- 
hyde when  heated  to  400°  F.  in  a  sealed  tube. 

When  aldehyde  is  treated  with  a  saturated  solution  of  bisulphite  of 
soda  (Xa2O.H20.2S02),  it  forms  a  cr3Tstalline  compound,  which  is  soluble 
in  water,  but  insoluble  in  the  saline  solution,  and  contains  the  elements 
of  2  molecules  of  the  aldehyde  and  1  molecule  of  the  bisulphite. 

If  the  view  above  referred  to  be  correct,  which  represents  aldehyde 
as  the  hydride  of  acetyle  (the  radical  of  acetic  acid),  each  of  the  acids 
belonging  to  the  acetic  series  would  be  expected  to  have  a  corresponding 
aldehyde.  Accordingly,  just  as  acetate  of  lime,  when  distilled  with  for- 
miate  of  lime,  yields  acetic  aldehyde,  so  valerianic,  oenanthic,  and  capry- 
lic  aldehydes  may  be  obtained  by  distilling  the  corresponding  lime-salts 
with  formiate  of  lime. 

The  chief  aldehydes  of  this  series,  which  have  at  present  been  exam- 
ined, are — 

Acetic  aldehyde, C2H4Ol 

Propionic  aldehyde, C3H6O 

Butyric  aldehyde, C4H8O 

Valeric  aldehyde, C5H100 


1  It  will  be  remarked  that  these  aldehydes  are  polymeric  with  the  compound  ethers  formed  by  their 
acids ;  thus,  acetic  aldehyde  is  polymeric  with  acetic  ether,  for — 

2CaH40  =  C-jHj.CaHaOa, 
but  the  sp.  gr.  of  aldehyde  vapor  (1.53)  is  only  half  that  of  acetic  ether  vapor  (3.06). 


582  ACETONES    0  N'ES. 

CEnanthic  aldehyde,  .         .  :    <  ' 

. 

Buodtc  aldehyde, 

Laurie  Aldehyde, <     IIMO 

icals  corresponding  to  acetyle.  \\'.i,-h  may  be  regarded  as 
associated  with  hydrogen  in  these  aldehydes,  have  not,  for  the  in»,t 
part,  been  isolated;  apubstance  havim;  the  same  complin. >n  as  bnt\  ryle 
((',11  O).  the  supposed  radical  of  bu<  •  H  „€),),  has,  ho ^ 

been  obtained  from  that  acid  by  an  indirect  process. 

n.pionic.  and  butyric-   aldehydes  have  been  found  among  the 
products  of  the  oxidizing  action  of  a  mixture  of  bin"\ide  of  manganese 

-ulplmrir  acid  upon  fibrin,  albumen,  and  casci 

Valerie  aldehyde  is  obtained,  like  acetic  aldehyde,  by  distilling  the 
-i "Hiding  alcohol  (amyle-alcohol,  C4HUO)  with  sulphuric  acid  and 
bichromate  of  potash. 

Capric  (rutic),  euodic,  and  lauric  aldehydes  are  found  in  i--.-nti.il  oil 
of  rue.    The  higher  aldehydes  of  the  series  are  not  so  easily  oxidized  as 

.-.lit. -lining  a  lower  number  of  carbon  atoms. 

When  an  aldehyde  is  heated  with  one  of  the  bases  derived  tn.m  am- 
monia by  the  substitution  of  an  alcohol  radical  for  one  atom  of  hydrogen, 
the  other  two  atoms  of  hydrogen  of  the  ammonia  are  replaced  I 
diatomic  hydrocarbon  of  the  aldehyde;  thus — 

-MI,CSH,,  +    2C,H,.0  =   2H,0   +   X,(CJI    >,.-|| 

iiuine.  'iliic  Di-<Enanthylene-dl-«myl*mine. 

This  reaction  has  been  recommended  for  the  determination  of  the 
replaceable  (or  typical)  hydrogen  in  organic  bases. 

400.  ACM  If  the  lime  salts  of  the  acids  of  the  ace- 

1  »f  l.ein«j  distilled  with  formiate  of  lime,  as  for  the  prepar.v 
the  aldehydes,  be  distilled  alone,  or  with  .puck!! me,  a  series  of  homolo- 
gous ]  li  "I'taiiH-d.  each  of  which  is  i>oineiic  with  the  aldehyde 
of  the  scries  next  below  it  in  the  table,  though  totally  diticrcnt  from  that 
aldehyde  in  proper 

Thus,  by  distilling  acetate  of  lime  with  lime,  the  liquid  <n-rt<. 
pyro-acetic  spir       <    !!.<))  is  obtained,  which  has  been  already  t 
among  the  products  of  the  distillation  of  wood — 

Ca(C,H,O,),    =    CaO.CO,    +     C,H.O. 

Acetate  of  l  Acetone. 

Acetone  has  the  same  composition  as  propioni<- aldeli\  milar 

processes  the  following  acetones  (or  ketone*,  as  they  are  freqaentfy  <  ailed) 
have  been  obtained : 

Acetone, <  ,H." 

riono, 

......( 

VaU-r.-,,,,    . 

These  substances  are  allied  in  some  of  their  |>i  the  aid. 

especially  in   forming  crystalline  compounds  with  bisnlphip 

temists  have  been  led  t«  'hat  they  are  composed, 

•f  chromic  add  u^  and  ac«tono  m»7  bo 
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like  the  aldehydes,  after  the  model  of  a  molecule  of  hydrogen,  but  that 
in  the  acetones  the  radicals  of  the  corresponding  acids  are  associated, 
not  with  an  atom  of  hydrogen,  but  with  the  hydrocarbon  radical  of  the 
next  lower  alcohol.  Thus,  the  acetone  of  the  acetic  series  (C3H60)  would 
be  composed  of  the  radical  acetyle  (C2H30)  associated  with  methyle 
(CH3),  and  this  view  of  its  constitution  is  supported  by  the  formation 
of  acetone,  when  chloride  of  acetyle  is  acted  upon  by  zinc-methyle — 

2(C2H3O.C1)  +  (CH3)2Zn  =  2(C2H3O.CH3)  +  ZnCl2. 

Chloride  of  acetyle.       Zinc-methyle.  Acetone. 

In  a  similar  manner,  chloracetene  (resulting  from  the  action  of  chloro- 
carbonic  acid  on  aldehyde)  yields  acetone  when  acted  on  by  methylate 
of  soda  (sodium-rnethyle-alcohol) — 

(C2H3)C1  +  (CH3)TNTaO  =  NaCl  +  C2H3O.CH3. 

Chloracetene.       Methylate  of  soda.  Acetone. 

Further  corroboration  is  obtained  by  distilling  a  mixture  of  equivalent 
quantities  of  acetate  and  valerianate  of  potash,  when  an  acetone  is  ob- 
tained, which  contains  valeryle  (C5H90),  associated  with  methyle  (CH3) — 

KC2H302     +     KC5H902    =    K2O.C02    +     C5H9O.CH3. 

Acetate  of  potash.     Valerianate  of  potash. 

It  will  be  remembered  that  when  acetate  of  potash  is  distilled  with  caus- 
tic potash,  it  yields  marsh-gas  by  a  precisely  parallel  reaction — 

KC2H302  +  KHO  =  K2O.C02  +  H.CH3. 

Acetate  of  potash.  Marsh-gas. 

Acetone  may  also  be  prepared  by  distilling  sugar  with  eight  times  its 
weight  of  quicklime,  when  it  is  accompanied  by  another  liquid,  metace- 
tone,  C6H10O,  which  differs  from  acetone  in  being  insoluble  in  water. 
When  this  liquid  is  heated  with  bichromate  of  potash  and  sulphuric  acid, 
it  is  oxidized  and  converted  into  metacetonic  orpropionic  acid,  HC3H.02, 
which  may  also  be  produced  by  the  oxidation  of  acetone. 

401.  The  description  above  given  of  the  properties  of  aldehyde  will 
have  recalled  those  of  some  of  the  essential  oils  containing  oxygen. 
Thus,  essential  oil  of  bitter  almonds  (C.H,.0),  when  exposed  to  air,  ab- 
sorbs oxygen,  and  is  converted  into  benzoic  acid  (C7H602),  just  as  alde- 
hyde (C2H4O)  passes  into  acetic  acid  (C2H4O2).  Moreover,  oil  of  bitter 
almonds  forms  a  crystalline  compound  with  bisulphite  of  soda,  similar 
to  that  formed  by  aldehyde,  and  its  conversion  into  this  compound  is 
sometimes  resorted  to  in  order  to  obtain  the  pure  oil. 

In  constitution,  also,  oil  of  bitter  almonds  (hydride  of  benzoyle,  C.H5 
O.H)  closely  resembles  aldehyde  (hydride  of  acetyle,  C2H3O.H),  and 
just  as  the  latter  may  be  obtained  by  distilling  acetate  of  potash  with 
formiate  of  potash,  so  benzoic  aldehyde  (oil  of  bitter  almonds)  may  be 
obtained  from  benzoate  of  potash. 

K(CYH5)0     +     KCH02    =    K2O.C02     +     C7H5O.H. 

Benzoate  of  potash.      Formiate  of  potash.  Benzoic  aldehyde. 

Oil  of  bitter  almonds  is  produced,  together  with  some  aldehydes  of  the 
acetic  series  of  acids  (p.  581),  when  certain  albuminous  bodies  are  oxi- 
dized by  sulphuric  acid  and  binoxide  of  manganese. 

When  benzoic  aldehyde  is  acted  on  by  an  alcoholic  solution  of  caustic 
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potasli  .  .in  t<> 

benzole  aldehyde  as  alcohol  bears  to  acetic  aldehyde. 

II  M.H,        Kilo  ==  K(C7H.O)0  4   c  I!  0, 

Bcuolc  ftldvbjrde.  Bcnsoate  of  potMh.    Benzole  u! 

The  conversion  of  bitter  almond  oil  into  benzoic  alcohol  may  also  be 
effected  l.y  the  action  of  I  amalgam  of  sodium  (to  furnish  nas- 

cent hydrogen);  whereas,  by  treatment  with  /.inc  and  hydn.chloi  i 
it  i-  converted  in1  <     HO). 

•ydrochloric  ether  of  benzoic  alcohol.  ('  If.Cl,  is  sometimes  called 
.  the  radical fo//. ;.'•.<'  II., being  snpp*  \cthe 

same  relation  to  the  I.en/oic  series  as  ethyle  has  to  ti  .     IJy 

of  ammonia  upon  chloride  of  benzyle,/  Nil    i    11  ,. 

and//-  .  \  ''  ll  i.  have  been  obtained;  th.  is  iso- 

meric  with  toluidine,  but  is  by  no  means  identical  with  it;  for  be: 
mine  is  a  liquid  having  basie  properties  far  more  powerful  than  those  of 
toluidine,  and  it    is  very  readily  soluble   in  water,  which  dissolves   but 
little  of  the  latter  base. 

The  benzoic  acetone  or  benzone  (CUHM0)  has  been  obtained  by  the  dis- 
t illation  of  benzoatc  of  lime.     It  is  often  called  benzophenone,  being  re- 
garded as  an  association  of  benzoyle  with  phenyle,  (Ml  < '.'    ! 
when   distilled  with  potash,  it  yields  benzoate  of  potash  and  ben/ok 
(hydride  of  phenyle) — 

C7H$O.C.H5    +     KHO    ==     K(C7H5O)O    +    C.H.I  I 

Bensophenone.  Benzoato  of  poU»h. 

Oil  of  cinnamon  (p.  505)  or  hydride  of  cinnamyle  (C,H.O  11  It  the  alde- 
h\d«'"f  ciniiamic  acid  (C..H.O  );  and  essential  oil  of  cntnmin  contains 
the  aldehyde  ((V  II  <>.!!  mf  cuminie  acid  (C^H^O,).  and  yields  cuminic 
alcohol  (C10H14O)  when  treated  with  alcoholic  solution  of  potash.  (Ml 
of  s|,i  dride  of  salicvle  (('  II  < »  .11  i  i-  the  aldehyde  of  salicylic- 

acid  (C.H.O,).      Hydride  of  anisvle  «'  II  n  .11  ,.  obtained  l.y  the  • 

tion  of  oil  of  aniseed,  ta  the  aldehyde  of  aoisio  aei-l  <  < '  IM  >,  \  and  of 
anisic  alcohol  (<    ||.  n  .     'I'hese  aldehydes  allow  their  associ 
•  •I'  h\  drogen  to  l>e  di>]. laced  liy  chlorine  more  readily  than  the  al«lehydes 
ie  series,  to  form  chlorides  of  their  respective  radicals  i  | 

GLTOOL — POLYATOMIC  ALCOHOLS. 

402.  It  has  been  already  shi.un  (p.  552)  that  alcohol  i 
ently  unaided  us  composed  after  the  fashion  of  a  molecule  of  \\aier 
in  which  half  the  hydrogen  has  been  displaced  by  etla  le  (C.B   >; 
is  view  alcohol  is  represented  by  the  formula  i 

alcohol,  f-  tin-   iiionatoniic    i 

:'.  following  the  same   plan,  a    diatomic    i  .       .-h   as 

>",  were  to  displace  half  the  hydrogen  in  water,  the  di- 
1   not  be   effect,  d  in   less   than  two   molecules  of 

kol  would   result. 
1     1 1  (  >  e^t-ntative  of  the    diat 

may  be  regarded  as  two  i  -  of  water,  in  which  half  the  hydrogen 

•  •thylene  i  II     i     II       0 

direct    union  of  oletiant    -a-  \\iih 

'1,0,)  +   (CI1/'I:=   2AgI   -r-    (C  M        .-'<     II  -. 

AcrUU-of«,  I  ucUtoofftlx 
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The  binacetate  of  glycol  thus  formed  corresponds  to  the  acetic  ether 
((C2H5)C2H302)  derived  from  common  alcohol ;  but  since  ethylene  is  dia- 
tomic, it  displaces  the  hydrogen  in  two  molecules  of  acetic  acid.  When 
the  result  of  this  action  is  distilled,  the  binacetate  of  gtycol  passes  over 
as  a  colorless  liquid,  which  sinks  in  water,  and  boils  at  365°  F.1 

Glycol  can  be  obtained  from  the  binacetate  b}'-  digesting  it  with 
hydrate  of  potash  for  some  time  at  360°  F.,  and  distilling,  when  the 
glycol  passes  over,  its  boiling-point  being  387°  F.  It  is  a  colorless 
liquid,  having  a  sweet  taste,  whence  it  derives  its  name  (Y^u-/.oq,  sweet). 
Like  common  alcohol,  it  mixes  with  water  in  all  proportions,  and  may 
be  distilled  without  decomposition.  It  also  gives  an  inflammable  vapor, 
and  has  never  been  frozen  ;  but,  unlike  alcohol,  it  is  heavier  than  water 
(sp.  gr.  1.125),  and  does  not  mix  with  ether,  though  alcohol  dissolves  it 
readily. 

Glycol  is  also  capable  of  forming  the  monacetate  of  'glycol,  C2H4HC2H:iO,, 
and  a  remarkable  compound  has  been  obtained  known  as  acetobutyrate 
of  glycol,  C2H4.C2H302.C4H702. 

The  action  of  hydrochloric  acid  upon  glycol  does  not  perfectly  corre- 
spond with  its  action  upon  common  alcohol,  for  instead  of  yielding  a 
chloride  of  ethylene,  it  gives  a  compound  of  hydrochloric  acid  with 
oxide  of  ethylene. 

H,(C2H4)"02    +     HC1    =     (C2H4)"O.HC1    +     H20. 

Glycol.  Chlorhydrine  of  glycol. 

By  decomposing  this  compound  with  potash,  the  oxide  of  ethylene 
(C2H4)"O  is  obtained,  as  a  colorless  liquid,  which  boils  at  56°  F.,  and 
is,  therefore,  not  identical  with  aldehyde  (which  boils  at  68°  F.),  though 
it  has  the  same  composition.  It  is  obvious  that  glycol  might  be  rep- 
resented as  (C2H4)"O.H2O,  the  hydrated  oxide  of  ethylene,  and  this 
view  is  favored  by  the  circumstance  that  gtycol  may  be  formed  by  heat- 
.ing  the  oxide  of  ethylene  with  water  in  a  sealed  tube  ;  but,  on  the  other 
hand,  when  glycol  is  treated  with  chloride  of  zinc,  to  dehydrate  it, 
ordinary  aldehyde  (C2H4O),  and  not  the  ethylenic  oxide,  is  produced. 

By  the  action  of  pentachloride  of  phosphorus  upon  glycol,  the  bi- 
chloride of  ethylene,  or  Dutch  liquid,  is  obtained — 

H2(C2H4)"02    +     2PC13    =     (C2H4)"C12     +     2HC1     +     2POC13 

Glycol.  Bichloride  of  Oxychloride  of 

ethylene.  phosphorus. 

It  will  be  observed  that  this  equation  is  the  exact  counterpart  of  that 
which  represents  the  action  of  pentachloride  of  phosphorus  upon  water, 
substituting  diatomic  ethylene  for  monatomic  hydrogen — 

H2(H2)"02    +     2PC15     =     (H2)"C12     +     2HC1     +     2POC13. 

Sodium  acts  upon  glycol  in  the  same  manner  as  upon  ordinary  alcohol, 
but  in  consequence  of  the  di-atomic  character  of  gtycol,  the  reaction 
takes  place  in  two  stages,  producing,  successively,  mono-sodium  glycol, 
HNa(C2H4)"O2  and  di-sodium  glycol,  ]STa2(C2H4)"O2,  both  which  are  solid. 

When  glycol  is  exposed  to  the  action  of  oxygen  in  the  presence  of 
platinum-black,  or  when  it  is  cautiously  oxidized  with  nitric  acid,  it  be- 
comes converted  into  glycolic  acid,  C2H403,  which  bears  the  same  rela- 

1  A  liquid  isomeric  with  binacetate  of  glycol,  but  boiling  at  336°  F.,  is  obtained  by  heating  aldehyde 
in  a  sealed  tube  with  acetic  anhydride. 
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•  Minion  alcohol,  as  will  In*  evident  from 
lowing  equations :! 


II    • 

Alcohol. 

ii  c  iir.ot 


+  o.  = 


4-    O, 


II  •    II, 

Acetic  acid. 


H,(C,H,0)".0, 

ollc  acid. 


in  which  tin-  change  consists,  in  both  cases,  in  the  substitution  of  0  for 
alcohol,  acetic  acid  bcini:  formed  upon  th«-  type 

of  a  molecule  of  'I  <h  in  which  II  is  replaced  l>y  <'  II  O,  and  gly- 

Colic   nc  id    II|M.!.  e  of  two  molec'il.-s  i  II  ()  >.  in    \\hich   II 

placed  by  <  ||  (>.  If  the  oxidation  with  nitric  acid  I.e  .  -arried  farther, 
the  remainder  of  the  hydrogen  in  this  last  radical  is  replac.-d  by  oxygen, 
and  oxalic  acid  is  produced  — 


Ht(C,H,o)".of   + 

..lie  acid. 


o   = 


+  H,O. 


Oxali 


ie  action  of  nascent  hydrogen  upon  oxalic  acid,  the  O  in  the  radi- 
cal may  be  again  displaced  by  II  .,  so  that  glycolic  acid  is  ivprod 

•  lie  acid  forms  a  >vrnpy  liquid  which  resembles  lactic  acid.  init  is 
distin^nisheil  from  it  l»y  being  precipitated  with  acetate  of  lead.  I'nlike 
oxalic  acid,  glycolic  is  a  monobasic  acid,  only  one  atom  of  its  hydro- 
gen being  replaceable  by  a  metal.  Glycolic  acid  is  found  together  with 
i  aiiion:;  the  products  of  the  action  of  nitric  acid  upon  alcohol 
in  the  preparation  of  fulminate  of  mercury,  which  is  easily  ace 
by  the  connection  between  aleohol  and  ethylene,  which  is  best  exhibited 
by  writini:  the  formula  of  alcohol  (C.I  I  1  1  0. 

(ilvcolic  acid  is  the  first  member  of  a  series  of  homologous  aci 
which  the  most  important  is  lactic  acid,  these  acids  standing  in  the  same 
•  ii  to  the  LrlycoU  in  which  the  members  of  the  ace1  -  stand 

to  the  alcohols. 


•aw 

Formula. 

Source. 

Glycolic  acid, 
Lact 

C,H40, 
',0, 

Oxidation  of  glvcol  and  of  alcohol. 
•'  cane  and  milk  sugars. 

..  lactic  aci.l. 
Valcrolactic  acid,   . 

C4HW0, 

•I.PII  c,t   i.iityl-glycol. 
\     acid  \v 

Leucic  acid,  . 

C.H,,0, 

acid  on  UM 

It  will  be  observed  that  these  acids  are  intermediate,  with  n-sj 
the  number  of  atoms  of  oxygen  which  they  contain,  between  the  acetic 
and  the  oxalic  series  of  :i  MIS — 


Acetic  acid,    , 

•        C,llM 

PlOplOUk   arid.  . 

.    C.B 

• 

.    CJ 

'ic           ••       . 

.        (  '    II    (  > 

"       . 

•  ' 

Ma! 

.    C  B 

the  product*  of  the  decompoatOon  of 
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These  three  series  of  acids,  therefore,  present  a  relation  to  each  other 
similar  to  that  between  the  three  series  of  alcohols,  represented  by  — 


Yinic  alcohol,          ....     C2H6O 

Glycol,    ......     C2H602 

Glycerin,         .....     C3H8O3. 


Just  as  acetic  and  glycolic  acids  are  formed  by  the  oxidation  of  alco- 
hol and  glycol,  so  the  oxidation  of  glycerin  by  nitric  acid  furnishes  gly- 
ceric  acid,  C3H604. 

The  transition  from  the  oxalic  series  to  the  lactic  series  of  acids  has 
been  effected  in  the  case  of  leucic  acid,  which  has  been  artificially  formed 
from  oxalic  acid,  by  converting  it  into  oxalic  ether,  and  acting  upon 
this  with  zinc-ethyle,  when  leucic  ether  is  obtained,  from  which  leucic 
acid  is  easily  prepared.  The  reaction  is  rendered  intelligible  if  the  two 
acids  be  thus  formulated  — 

Oxalic  acid,  .         .         .         .     C2H204 
Leucic  acid,  ....     C2H2(C2H5)2O3, 

from  which  it  appears  that,  neglecting  intermediate  stages,  the  zinc  of 
the  zinc-ethyle  removes  an  atom  of  oxygen  from  the  oxalic  acid,  leaving 
ethyle  in  its  stead,  so  that  leucic  acid  may  be  regarded  as  diethoxalic 
acid,  or  oxalic  acid  containing  two  of  ethyle  instead  of  one  of  oxygen. 
If  oxalate  of  methyle  be  substituted  for  oxalate  of  ethyle  in  this  experi- 
ment, leucate  of  methyle,  CH3.C6HUO3  is  obtained,  and  when  this  is  de- 
composed by  baryta,  and  the  leucate  of  baryta  treated  with  sulphuric 
acid,  fine  crystals  of  leucic  acid  are  obtained,  which  are  readily  soluble  in 
water,  alcohol,  and  ether,  and  sublime  slowly  at  the  ordinary  temperature.1 
By  the  reaction  between  iodide  of  methyle,  oxalate  of  methyle,  and 
amalgamated  zinc,  dimethoxalic  acid,  C2H2(CH3)2O3,  has  been  obtained, 
which  may  be  regarded  as  oxalic  acid  containing  two  of  methyle  in  the 
place  of  an  atom  of  oxygen.  Dimethoxalic  acid  is  isomeric  with  buty- 
lactic  or  acetonic  acid  (C4H803)  ;  it  cr}Tstallizes  in  prisms  resembling 
those  of  oxalic  acid,  which  may  be  sublimed  at  122°  F.,  and  volatilize 
slowly  even  at  the  ordinary  temperature. 

From  the  other  hydrocarbons  of  the  olefiant  gas  series  (p.  542),  gly- 
cols  may  be  prepared  by  processes  similar  to  that  which  furnishes  ethy- 
lene-glycol.  Thus  propylene  (C3H6)  yields  propylene-glycol,  H2(C3H6)". 
O2;  butylene  (C4H8),  butylene-ghjcol,  H2(C4H8)".02;  amylene  (C5H10), 
amylene-glycol,  H2(C5H10)".02  ;  it  is  a  very  remarkable  circumstance  that 
the  boiling-points  and  specific  gravities  of  these  liquids  decrease  as  the 
complexity  of  the  formula  increases,  which  is  quite  contrary  to  ordinary 
experience  ;  thus  amylene-glycol  (C6H«O,)  has  the  sp.  gr.  0.987.  and 
boils  at  351°  F.,  whilst  propylene-glycol  (C3H8O2)  has  the  sp.  gr.  1.051, 
and  boils  at  371°  F. 

When  propylene-glycol  is  slowly  oxidized,  it  is  converted  into  lactic 
acid,  exactly  as  glycol  is  converted  into  glycolic  acid  — 

H2(C3H6)".02    +     02    =    H,(C8H40)".Oa    +     H2O. 

Propylene-glycol.  Lactic  acid. 

The  difference  between  the  diatomic  character  of  glycol  and  the  mon- 
atomic  character  of  ordinary  alcohol,  is  strongly  marked  in  their  be- 

1  It  is  said  that  this  leucic  acid,  though  closely  resembling  that  obtained  from  oxalic  ether,  is  not 
identical  with  it. 


WAI  IBW    OF   POLYATOMIC    ALCOHOLS. 

the  organic  acids,  for  whilst  the  n  \  i.-l-U 

(with  monobasic  acids)  only  one  series  of  compound  eth. 

from  one  mole<  .-1.  the  diatomic  -jlycol  \  i.-ltls  two  seri 

respect  ivelv  from   one    and    two    nmh-eiile-.  nf  acid  :   thus    \\  e    have   mmi- 
•cofglycol.(C  I!       .11    C  H  0,0,  and  diac.-t  ate  of  glycol,  (CM       . 

i<'HO)ror    In  the  la-  •  is"  not  Deeessary  that  the  two  moie- 

cules  should  consist  <>f  the  same  a.  id,  as  may  be  seen  in  the  acetobuty- 

Of   Uhcol.   (C   II    ,    .C    11   O.r, 11.0 

.lu-t    a^  nic  ammonias  are  formed  upon  the  type  of  » 

ile-  of  ammonia.  -•  polyatomic  alcohols  may  be  produced  1>\  the 

•iitioii  nf  compniind  radiraU  for   hydrogen    jn   a  multiple   alcohol 

•J\col  in  a  sealed  tul»e  \\i:i.  t   ethylcne. 

.  II  iuced,  which   is   formed  upon 

pe  of  three  molecules  of  alcohol.  11     <     II    )O.      In  a  similar  mau- 

i  cthyhi  hoi  H2(C,H4),"O4,  is  formed  upon  the  quadruple 

alcohol  tjpe,  n  •«•  M    "  . 

It  will  lu:  seen  hereafter  that  glycerin  (CSHMOS),  the  sweet  j.rinciple 
of  oils  and  fats,  is  a  triatomic  alcohol,  formed  upon  the  type  of  three 
molecules  of  water  M  which  half  the  Indrogen  is  replaced  l-y 

the  triatomic  radical,  (C.H.)  .  rmula  of  glycerin  lu-ini: 

H^O-H^O, 

It  is  easy  to  <on vert  a  diatomic  into  a  monatomic  alcohol ;  for  ex- 
ample, if  the  chlorhydrine  of  glycol  be  treated  with  amalgam  of  sodium 
in  the  presence  of  water,  it  becomes  converted  into  ordinary  (mon- 
atomic) alcohol— 

<    1 1, CIO    -I-    H,0    +    Xa,    =    C,H.O    H      N  lll°  NaC1- 

ine  Alcohol, 

lycol. 

tionof  the  alcohols  to  water  as  their  primary  type   is   h,-re 
exhibited — 

Type,  one  molecule  of  water,  H,0  ]]  }  0 

V i nic  alcohol,  C.H.O  (C  J|  , 

c,  two  molecules  of  water,  HO 

Glycol,  C.H.O,  =        .|j 

•  .  t  hree  molecules  of  water,  Ho          =      H)  C  O, 

' 

Diethvlene-trialcohol,  C4H..O.  =     (C.H 

(CI. 

(llyceriu,  C.H.O,  ((-  I]      •    |   0 

H    , 
Type,  four  molecules  of  wat«    .  1 1  « '  >•  04 

>•'  " ".     -    ,',!!", 

Is     upoll     these    alcohols 

would  then  In-  :i  formula-  a*  tin-  follou 
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Acetic  ether, 

Monacetate  of  glycol,   .     .     .     ^ 

Diacetate  of  glycol, .... 

\>  v 
(C,H3On 

Acetobutyrate  of  glycol,  .     .        (C4H,O)'  V-  O., 

(CH4)" 

Monacetine, 

Diacetine, 

Triacetine, 

ACETIC  ACID— THE  FATTY  ACID  SERIES. 

403.  The  most  useful  of  the  acids  belonging  to  the  acetic  series  (see 
p.  541)  is  acetic  acid  itself,  the  preparation  of  which  has  been  already 
described. 

Many  of  its  salts  are  extensively  employed  in  the  arts.  Acetate  of 
alumina  is  used  as  a  mordant  by  the  dyer  and  calico-printer.  Acetate 
of  lead  or  sugar  of  lead,  Pb(C2H3O2)23Aq.,  is  prepared  by  dissolving- 
litharge  (PbO)  in  an  excess  of  acetic  acid,  when  the  solution  deposits 
prismatic  crystals  of  the  acetate  which  are  easily  dissolved  by  water  and 
alcohol. 

Goulard's  extract,  or  tribasic  acetate  of  lead,  is  prepared  by  dissolving 
litharge  in  solution  of  acetate  of  lead ;  it  may  be  obtained  in  needle- 
like  crystals,  which  have  the  composition  Pb(C2H3O2)22PbO.H2O. 

Verdigris,  or  basic  acetate  of  copper,  Cu(C2H3O2)2.Cu0.6H2O,  is  pre- 
pared by  piling  up  sheets  of  copper  with  layers  of  fermenting  husks  of 
grapes  (the  marc  of  the  wine-press),  when  the  oxide  of  copper,  formed 
at  the  expense  of  the  oxygen  of  the  air,  combines  with  the  acetic  acid 
furnished  by  the  oxidation  of  the  alcohol. 

Acetone  (C3HG0)  is  obtained  by  the  destructive  distillation  of  acetate 
of  lime — 

Ca(C2H302)2     =    CaO.C02     +     C3H,.0 

Acetate  of  lime.  Acetone. 

a  decomposition  which  possesses  some  general  interest  since  the  lime- 
salts  of  the  other  acids  of  the  acetic  series  yield  ketones  in  a  similar 
manner  (see  p.  582). 

The  acetone  thus  obtained  is  an  ethereal  liquid  lighter  than  water, 
boiling  at  133°  F.,  and  burning  with  a  luminous  flame.  It  is  easily  mis- 
cible  with  water,  but  separates  when  hydrate  of  potash  is  added,  rising 
to  the  surface. 

Under  the  action  of  chlorine,  acetic  acid  loses  an  atom  of  hydrogen, 
taking  chlorine  in  its  place,  and  forming  chloracetic  acid,  t^C^ClO^1 
and  if  the  action  be  promoted  by  sunlight,  trichloracetic  acid  may  be 
formed,  H.C2C13O2,  which  may  be  crystallized.  This  latter  acid  has  a 
peculiar  interest  on  account  of  its  being  concerned  in  the  production  of 
acetic  acid  from  inorganic  materials,  which  was  one  of  the  first  exam- 
ples of  the  actual  synthesis  of  organic  compounds. 

1  DicMor acetic  acid,  H.CaHCla02,  has  also  been  obtained. 


590  TIC    ANHTDIt: 

synthesis  of  a  1  has  ben  .  «»f  ••hl.,n»- 

Mfbonte  add  upon  marsh-gas,  when  hydrochloric  acid  an<l  acetic  oxy- 
chloride  are  formed  — 

OH,    +    0001,    =    (C,H,0)C1    +    HC1. 

Acetic  ox  jr. 

When  t  lu-  acetic  oxychloride  is  decomposed  by  water,  acetic  acid 
duced  — 

(C,H,0)C1    +     H,0    =    H(CtH,0)O    4-    HC1. 

This  appears  to  be  an  example  of  a  general  method  of  synthesis  of 
the  volatile  fatty  acids,  starting  from  the  marsh-gas  hydrocarboi 

:Yom    them;   thus,    hydride   of  ainyle.  (  '  II  .  ,  treated   in  a  similar 
manner,  yields  caproic  acid,  1  1  <  '.  1  1  MO,. 

404.  >  lea  of  Organic  Acid*.  —  Jo7»>j,  —The  course  of 

Cation  liy  which.  of  late  years,  much  light  has  been  thrown  upon 

the  true  constitution  of  acetic  acid,  and  therefore  of  many  other  organic 

.    is  of  a   very    instructive-   character.      The   strongest  acetic   acid 

which  can  be  prepared  (see  p.  495)  is  known  as  .  from 

its  crystallizing  in  icy  leaflets  at  about  55°  F.     This  acid  has  the  com- 

position i    ll,<>.,  and  may  be  regarded  as  a  molecule  of  water  in  which 

half  the  hydrogen  is  replaced  by  the  hypothetical  radical  '    II  <  >. 

When  this  acid  i>  distilled  with  teivhloride  of  phosphorus,  a  colorless, 

\.  r\  piiiiu'ent  liquid  is  obtained,  which  is  commonly  spoken  of  as  acetic 

•  .  (    1  1  <  >C1— 

I'll  (0,11,0)0    +    PCI,    =    HC1    +     HPO,    +    2(C,HS0)(  1. 

Acetic  acid.  llMMM 


That  this  acetic  oxychloride  («  •/«  of  ac<>  ily  bears  a 

lose  relationship  to  acetic  acid,  is  shown  by  the  action  ,,f  water, 
which  acts  with  explosive  violence  and  reproduces  the  acetic 

(0,11,0)01    +     H.O    «=     H  (<  '..11,0)0    4-     UC1. 

Acetic  <ixy  chloride.  Acetic  acid. 

If  caustic  potash  be  allowed  to  act  upon  the  chloride  of  a<vtyle  — 
(C,H,0)C1    +    KHO    =    H(CfH,0)0    +     KOI. 

Hut    if  acetate  of  potash  (Kl',11,0,)  be  en.ploy.-d  inst.-ad   of  caustic 
potash  — 

(0,11,0)01    +    K(C,H,0;0    =    C,H,O.CfH,O.O    -f     K<  1. 

Acetic  ox  y  chloride.  Acetate  of  potaah.  no  hydride. 

•ic  anhydride  has  also  been  obtained  l.y  heating  dry 
lead  or  of  iuv«r  with  hi-ulphide  of  carbon  in  a  sealed  tui- 
320°  F.  for  several  hours,  the  tube  being  occasionally  opeiitMl  to  relieve 

I  carbonic  aci  I  — 

IP1  O.     +      OS,     =      JIM.S      -f      CO,     -H      LVlIn 

The  acetic  anhydride   is  a  neutral  oily  liquid  which  in.-.  'illed 

oil'  in  the  al",\»-   c\j  Miicll    recalU  that  1.  but 

affects  the  eyes  strongly.     It  sinks  in  water,  but  d. 
e\..lution  of  heat  and  formation  ,,f  h\ 

1  If  acetic  aohydrkir  be  I-  n  exceei  of  blnoxldc  of  »,. 

.-••   :..      •  :  I      ,:,i   •    '1    ft     .  .,-     ,.      i| 

-f    Be<»,    -    Ba  ,     +    «XV 

Bj  abaorUnf  MM  evbuok  add  with  poUMh,  the  para  meth  jle  gu  Is  easily  obuloed. 
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The  most  convincing  proof  that  this  anhydride  is  really  formed  after 
the  type  of  a  molecule  of  water,  is  obtained  by  acting  upon  the  acetate 
of  potash  with  the  benzoic  instead  of  the  acetic  oxychloride — 

(C7H50)C1    +     K(C2H30)0    =     KC1     +     C7H.O.C2H30.0. 

Benzoic  Acetate  of  Benzo-acetic 

oxychloride.  potash.  anhydride. 

and  the  true  nature  of  this  double  anhydride  is  seen  by  its  conversion 
into  a  mixture  of  hydrated  benzoic  and  acetic  acids  when  left  in  contact 
with  water. 

By  methods  similar  to  that  employed  for  acetic  acid,  the  anhydrides 
of  many  other  organic  acids  may  be  obtained. 

Peroxides  of  Organic  Eadicals. — Considerable  support  has  been 
offered  to  that  view  of  the  constitution  of  the  organic  acids  which  repre- 
sents them  as  composed  after  the  type  of  water,  by  the  discovery  of 
certain  compounds  which  bear  the  same  relation  to  the  anhydrides  as 
peroxide  of  hydrogen  bears  to  water. 

When  binoxide  of  barium  is  acted  on  by  hydrochloric  acid,  chloride 
of  barium  and  peroxide  of  hydrogen  are  formed — 

Ba02    +     2HC1    =     BaCl2    +     H2O2. 

If  binoxide  of  barium  be  acted  on  by  benzoic  oxychloride  (chloride  of 
benzoyle),  the  products  are  chloride  of  barium  and  benzoic  peroxide 
(peroxide  of  benzoyle) — 

Ba02    +     2(C7H50)C1     =    BaCl2    +     (C7H50)202. 

The  benzoic  peroxide  may  be  obtained  in  fine  crystals  from  its  ethereal 
solution,  but  like  the  peroxide  of  hydrogen,  it  is  easily  decomposed  at 
about  212°  P.  with  explosive  violence.  By  the  action  of  alkalies,  it 
is  resolved  into  benzoic  acid  and  oxygen,  just  as  peroxide  of  hydrogen 
yields  water  and  oxygen — 

(C7H50)202     +     2KHO     =     2K(C7H.O)0     +     02    +     H20. 

By  acting  upon  acetic  anhydride  with  binoxide  of  barium,  the  acetic 
peroxide  (or  peroxide  of  acetyle)  is  obtained — 

Ba02    +     2(C2H.O),0     -     Ba(C2H3O2)2    +     (C2H30)2O2. 

Acetate  of  baryta.  Acetic  peroxide. 

The  acetic  peroxide  is  an  oily  liquid,  insoluble  in  water,  and  exploding 
with  great  violence  when  heated.  It  has  the  powerful  oxidizing  proper- 
ties which  would  be  expected  from  its  chemical  resemblance  to  peroxide 
of  hydrogen. 

405.  Formic  acid  (H.CH02)  is  regarded  with  great  interest  by  the 
chemist,  from  its  occurring  both  in  the  animal  and  vegetable  kingdoms, 
and  from  the  ease  with  which  it  may  be  artificially  obtained.  This  acid 
is  found  in  the  leaves  of  stinging-nettles,  and  was  originally  obtained 
by  distilling  the  red  ants  (formica  rufa),  whence  it  derives  its  name. 

It  has  long  been  prepared  in  laboratories  by  the  oxidation  of  various 
organic  substances,  particularly  by  distilling  starch  with  binoxide  of 
manganese  and  sulphuric  acid.  Another  more  modern  process,  which 
yields  it  more  abundantly,  consists  in  distilling  dried  oxalic  acid  with 
enough  glycerin  to  cover  it,  when  it  is  resolved  into  carbonic  acid  and 
formic  acid — 

H2C2O4   (Oxalic  acid)      —      HCHO2  (Formic  acid)       -f      C02. 


'FURFUROLB  —  BUTYRIC  ACID. 

Tin-  'jlyrerin  appears  to  act  by  produeinur  an  un-taMe  compound 
with  nialogous  to  the  stearin,  s  ami 

599),  which  is  afterwards  decompose*  1.      I  !>•    lohitloa  <>r  formi- 

thus   obtained    contains  7.'»  p.  d    formic    acid.       It' 

I  l.c  heated  in  the  aqueous  formic  aci<l.:in<l  the  solution 
allow.  t  he  water,  and  when  tin; 

liquid  .ted  from  tin-  oryttelt  and  distilled,  pore  formic  acid  is 

•  ••I.  and  may  be  cry-talli/ed  at  .1  low  tempera1 

most  remarkable  method  of  obta  mio  acid  is  t1 

which   it   is   formed   from  inorganic  materials.     When   formic   acid    is 
heated  with  strong  sulphtiric  acid,  it  is  resolved  into  water  and  carbonic 

.  nrilii  II  u      f.     CO. 

It  might,  therefore,  be  expected  to  be  reproducible  by  the  combina- 
tion of  those  two  substances,  and  accordingly,  if  moistened  caustic 
potash  be  heated  for  some  hours  to  212°  P.  in  a  flask  tilled  with  carbonic 
oxide,  the  gas  is  absorbed,  and  formiate  of  potash  p.  .  »m  which 

the  formic  acid  may  be  obtained  1»\  •  distillation  with  diluted  sulphuric 
acid— 

KHO       +       CO       =      KCHO, 


This  is  a  far  simpler  example  of  the  synthesis  of  an  organic  compound 
from  inorganic  materials  than  that  of  acetic  acid  above  referred  t<>.  and 
since  the  carbonic  oxide  may  be  prepared  by  heating  carbon 
baryta  with  metallic  iron,  this  method  of  synthesis  is  quite  independent 
of  any  organic  source  of  carbon.  Kthvlate  of  sodium.  \  t<  1  1  <  >,  also 
absorbs  carbonic  oxide,  forming  ••//,///.  tfaC  <  II  <> 

isomeric  witli  propionate  of  soda,  a  little  of  this  salt  being  also  form.  -d. 

In  properties,  formic  acid  bears  a  great  general  resemblance  to  a 
a<id.  hut  has  a  more  powerful  action  upon  the  skin  when  in  tin  n>m  <  n- 
form.      It  is  employed  in  the  inanufartureof  one  of  the  blue  rolors 
derived  from  coal-tar. 

Fiir/urole  (C6H4Ot),  or  oil  of  ant«,  accompanies  l>y  dis- 

tilliiiir  Hinvliiccoiifl  matters  with  binoxide  of  manganese  and  .-ulphuric  n<-i<i 

,  uuitity  by  distilling  bran  (freed  from  starch  and  gluten  by  ste«-|.in-  ui 

A  ith  hu  If  it«  weiffht  ot  acid  (pn-  . 

with  an  eoual  bulk  of  water),  a  current  of  stca:  rrr<l  through  the 

mixtur  urolo  distils  over  with  th«-  wnU-r,  fnun  whirh  it  may  be  s«-| 

by  fractional  distillation.  It  is  a  colorless  oily  substance,  smelling  of  l.i  •  • 
becoming  brown  when  exposed  to  the  air,  and  but  slightlv  soluble  in  wu' 
sulphuric  acid  dissolves  it  t<>  u  |.  .  ..  from  which  water  precipitates  it  un- 

changed.    Furfurole  resembles  the  aldehyd* 
silver,  and  in  forming  a  crystalline  compound  wi  .to  of  sodn. 

by  oxidation  into  pyromucic  aciu  (CkII4Os),  the  acid  obtained  by  di*tillini; 

ilk-Hugnr.     The  systematic 
name  for  furfur.';  ••,  would  be/>yr-  '<yde. 

Just  <  U  (beneoic  aldehyde^,  when  acted  on  by  ammonia,  is 

Irobenzamide,  so  furfurole  yields  fur/uram 

8CtH.O     +    2NH,    a    CMHuNt    -r 

Oil  of  bltt.-r  almonds. 

8C\H4Ot    +    2NH,    ^  8H,0. 

FurfuroJe.  airamlde. 

And,  just  as  hydrobenzami  : 

furfurnmuli',  wli.-u  b«»ile«l  with  potash, 
give-  with  it. 

ll«'ll<>      ||    found   not  only  in    rancid    hutter.  l.ut    in 
Hid    is  a  ;  •m-ntation. 
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Indeed,  the  best  mode  of  obtaining  this  acid  consists  in  exciting  fer- 
mentation in  sugar  by  contact  with  cheese  ;  the  liquid  soon  becomes 
acid,  in  consequence  of  the  formation  of  lactic  acid  (the  acid  of  sour 
milk),  and  if  it  be  neutralized  from  time  to  time  with  chalk,  this  fer- 
mentation continues  until  the  whole  is  converted  into  a  pasty  crystalline 
mass  of  lactate  of  lime  Ca(C3H503)2.  The  formation  of  lactic  acid  from 
sugar  becomes  intelligible  on  comparing  the  formulae — 

1  molecule  of  cane-sugar,         C^H^O^ 
4  molecules  of  lactic  acid,        C12H24012. 

After  a  time  the  mass  becomes  more  fluid,  at  the  same  time  evolving 
bubbles  of  gas,  which  contain  carbonic  acid  and  hydrogen,  for  the  lactate 
of  lime  is  undergoing  a  fermentation,  by  which  it  is  converted  into  buty- 
rate  of  lime — 

2Ca(C3H503)2  +  H20  =  Ca(C4H702)2  +  CaO.CO,  +  3CO2  +  H8. 

Lactate  of  lime.  Butyrate  of  lime. 

By  distilling  the  butyrate  of  lime  with  dilute  hydrochloric  acid,  an  aque- 
ous solution  of  butyric  acid  is  obtained,  and  on  saturating  this  with 
chloride  of  calcium,  the  acid  collects  as  an  oily  layer  upon  the  surface.  It 
is  remarkable  for  its  powerful  odor  of  rancid  butter.1 

Synthetical  Formation  of  Acids  of  the  Acetic  Series. — By  a  very  re- 
markable process  of  substitution,  butyric  acid  has  been  derived  from 
acetic  acid.  When  sodium  is  heated  with  acetic  ether,  it  is  gradually 
dissolved,  and  the  liquid  solidifies  on  cooling,  to  a  crystalline  mass  con- 
taining, among  other  products,  sodacetic  ether,  or  acetic  ether  in  which 
one  atom  of  the  hydrogen  has  been  displaced  by  sodium.  The  reaction 
appears  to  take  place  in  two  stages — 

(1)  3(C2H5.C2H30.0)  +  Na,  =  3(C,H6.Xa.O)  +  Na(C,H30)8. 

Acetic  ether.  Sodium-alcohol.  Sodium-triacetyle. 

(2)  C2H5NaO  +  C2H5.C2H30.0  ==  C2H..H.O  -f  C2H5.C2(H2Na)0.0. 

Sodium-alcohol.  Acetic  ether.  Alcohol.  Sodacetic  ether. 

By  digesting  the  sodacetic  ether  with  iodide  of  ethyl  for  several  hours  in 
a  close  vessel,  at  212°  F.,  the  atom  of  sodium  is  exchanged  for  ethyle, 
and  ethacetic  ether,  or  butyric  ether,  is  produced — 

C2H5.C2(H2Na)02  +   C2H5I  ==  Nal  +  C2H5.C2H2(C2IL)02. 

Sodacetic  ether.  Iodide  of  ethyl.  Ethacetic  or  butyric  ether. 

From  this  ether  the  ethacetic  acid,  C2H3(C2H5)02,  has  been  prepared  and 
found  to  be  identical  with  butyric  acid,  C4H3O2. 

The  connection  thus  established  between  butyric  acid  and  the  ethyle 
series  helps  to  explain  the  production  of  that  acid  in  the  fermentation  of 
sugar. 

But  butyric  ether  has  also  been  obtained  by  another  process  of  substitu- 
tion, which  affords  a  proof  that  the  same  substance  may  be  correctly 
represented  by  two  distinct  rational  formulae. 

The  substitution  of  sodium  for  hydrogen  in  acetic  ether  may  extend  to 
two  atoms  of  hydrogen,  and  if  the  disodacetic  ether  so  produced  be 
digested  with  iodide  of  methyle,  butyric  ether  is  obtained — 

C2H5.C2(HNa2)02  +  2CH3I  =  2NaI  +  C2H5.C2H(CH3)2Oa. 

Disodacetic  ether.       Iodide  of  methyle.  Dimethacetic  or  butyric  ether. 

1  Butyric  acid  and  some  of  its  homologues  (as  valerianic  and  caproic)  appear  to  be  present  in  the 
perspiration  of  the  skin,  and  to  cause  the  disagreeable  odor  of  close  rooms. 


V.M.KKlANir     ACI1». 

So  that  I'M'  .  arei.rdini;  to  tin-  method  |,\   whi.h 

it  i-  |  •  .  either  as  etha«  •  .  -id   l»y  the 

'iition  ofan  i'<iui\alent  otVthvh  I  h  \  .1  n  ,U'.-ii  .  «  »r  :ix  ,  i 

.It  in;.:  from  the  MibMitution  of  two  »-.jni\  alent>  of  niethyle 

two  «>f  h\ 

When   disodaertir  ether   i>   aetrd  oil  l.y  iodide  of  rtllN  Ir.    it    \  ir!«N  .lii-tll- 

i-tlicr  — 


<    I!   <      !INa,)Of  -f  2C,HSI  =  2NaI   +  Cflv 

-lacctic  ether.  Iodide  of  ethyl*.  I>i.<),..    n    .n>   r 

This  ether  has  an  odor  resembling  popp*  -nnint,  an-l  it-  imi  i> 

the  same  as  that  of  caproic  etlu-r.  (    II  .<  ,11   H  :  but  tli« 
prepared  from  it,  though  isomeric  with  caj-n-ii-  :ui<l  i<  ,11  .OJ,  is  not 

i.ln.tu-al  with  it. 

Tin-  :ici«l  next  in  the  scrips,  n-naiitliir  (  I  h  '.HU0,),  ma}'  be  obtaiiu-.l 

from  the  ether  produced  i>\  khe  aoUon  of  iodide  orkmjle  upon  iod 

ether— 

CfH5.Cf(U,Na)0,  +  CSHUI  =  Nal  -f  CtH5.C,II,(C5Hu)O,. 

8o<Uo«ik  ether.  e  Amyl-«eeUe  ether. 


this  i-ther,  the  aniyl-acetic  acid,  H.CjH^CjHjJOj,  whirh  appear- 
to  be  identical  with  uenauthic  acid,  has  been  oKtaii 


M  help  t«>  explain  the  |in»dm-t  i«m  «•!'  several  of  the  alco- 
hols corresponding  to  the  acetic  series  of  aci«K.  diirinur  the  t'n  •mentation 
of  grape  husks  (marc  of  the  wine  press). 

is  a  liquid    huvin-  th.  ..-tiil.-.l    with    alkulin- 

IwftCi*,  yi«'l«l-  u-ttonc,  C,H6(C,H6)O,  i*omerio  with  the  jic«-t«»M«-  «t  j,r 

<  SH10O)  — 

C$HU0,  H-  BaO  11,0  =  C6H100  +  C,H4O  +  BaO.CO,. 

Another  li'|»ii'l  pn>ducfd  I  ;HT  l.u- 

',,  which  riiriii.h.-  ./  !I4),O,  when 

il.-d  with  liurytu  water  — 

CWHWO,  +  BaO  H,O  =  CTHMO  +  C,BtO  +  BaO.COr 

Methylated       .i-^^i 
acetone. 

•  I  acetone  i»  a  liquid  smelling  of  camphor,  and  boiling  nt  i»SO°  K.     It  5- 
with  l)ti'  >ils  at  290°  F.,  and  with  oenanlhic  aldehyde  or 

cenanthole,  which  boils  at  31 

By  treating  acctir  .-rh.-r   with   -odium  and  methylic  iodide,  the  correspon«litii: 
lated  acetone*  may  W  .  l.tain-  .1. 

,latedat*t.        «    I!    m    <>    '  ,  vm.and  i«  identical  with 

tained  by  the  H. 

Dimethylated  acetone,  CS114(CU,),O,  baa  an  <><i 


II.  i  '  II  .<  '  inteiv-t    iVoin    the    rir.-nni-1 

'»me  of  its  salts,  part  ieularlv  the  \alerianate  of  /inc.  ; 

Uy. 

•'..iind  in  \alerian  n»nt.  and  in  the  l.erries  of  tlie 
rose.     It  is  one  cause  of  the  peculiar  od<.  \inur  eh,  •,-.,-.  an<l  <>t 

whale  oik. 

v.  it  i-  l»e«.t  ulitained  by  distilling  f«»u?.el  oil  (atnylic  alcohol, 
(  '  II    0)  Witt  "ulphnrir  aei«I  and  1-iehi  li.  \\lu-n  the  oxygen 
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of  the  chromic  acid  converts  part  of  the  amylic  alcohol  into  valerianic 
acid — 

C5H12O    (Fousel  oil)       -f       0.2  C5HJ002    (Valerianic  acid)       -f-       H20. 

The  distilled  liquid  is  really  a  mixture  of  valerianic  acid  and  valeria- 
nate  of  amyle  (C5HU.C5H9O2),  but  when  treated  with  caustic  potash,  the 
latter  is  decomposed,  yielding  fousel  oil  and  valerianate  of  potash. 

C5Hn.C5H902     +     KHO  C5Hlt.HO     +     K.C5H902. 

Valerianate  of  amyle.  Fousel  oil.  Valerianate  of  potash. 

By  distilling  the  valerianate  of  potash  with  sulphuric  acid,  the  valeri- 
anic acid  is  obtained  as  an  oily  liquid  of  very  remarkable  odor,  which 
recalls  that  of  butyric  acid. 

406.  The  separation  of  the  volatile  acids  belonging  to  the  acetic  series 
is  a  problem  which  frequently  presents  itself  to  the  chemist,  and  is 
effected  by  a  very  instructive  process  of  partial  saturation,  founded  upon 
the  principle,  that  when  a  mixture  containing  two  acids  with  different 
boiling-points  is  partially  neutralized  by  an  alkali  and  distilled,  the  more 
volatile  of  the  two  acids  (i.  e.,  that  having  the  lower  boiling-point)  will 
pass  over,  whilst  the  other  remains  in  combination  with  the  alkali. 

In  applying  this  method,  for  example,  to  a  mixture  of  valerianic  acid 
(boiling  at  347°  F.)  and  butyric  acid  (boiling  at  315°  F.),  in  unknown 
proportions,  the  liquid  would  be  divided  into  two  equal  parts,  one  of 
which  would  be  exactly  neutralized  with  potash,  and  then  distilled  to- 
gether with  the  other  half.  If  there  were  just  enough  valerianic  acid  to 
combine  with  the  potash,  pure  valerianate  of  potash  would  be  left  in  the 
retort,  and  the  more  volatile  butyric  acid  would  pass  over.  If  there  were 
more  valerianic  acid  than  would  be  required  to  combine  with  the  potash, 
the  excess  of  that  acid  would  distil  over,  together  with  the  butyric  acid, 
whilst  valerianate  of  potash  alone  would  be  left  in  the  retort.  By  dis- 
tilling this  salt  with  sulphuric  acid,  the  pure  valerianic  acid  would  be 
obtained,  and  the  separation  of  the  rest  of  the  valerianic  from  the  butyric 
acid  would  be  effected  by  one  or  two  repetitions  of  the  process. 

If  the  valerianic  acid  present  in  the  mixture  were  not  in  sufficient 
quantity  to  combine  with  the  potash  added,  then  but3'rate  of  potash,  as 
well  as  valerianate,  would  be  left  in  the  retort,  and  pure  butyric  acid 
would  distil  over.  By  distilling  the  mixture  of  valerianate  and  butyrate 
of  potash  with  sulphuric  acid,  a  mixture  of  the  two  acids  would  be  ob- 
tained, which  would  require  a  repetition  of  the  process. 

In  any  case,  it  will  be  observed  that  this  process  must  yield  one  of 
the  acids  in  a  state  of  purity. 

The  same  principle  applies  to  the  separation  of  three  or  more  vola- 
tile acids,  but  the  process  involves,  of  course,  a  greater  number  of  dis- 
tillations. 

407.  SOAP. — The  manufacture  of  soap  affords  an  excellent  instance 
of  a  process  which  was  in  use  for  centuries  before  anything  was  known 
of  the  principles  upon  which  it  is  based,  for  it  was  not  till  the  researches 
of  Chevreul  were  published  in  1813,  that  any  definite  ideas  were  enter- 
tained with  respect  to  the  composition  of  the  various  fats  and  oils  from 
which  soaps  are  made. 

The  investigations  of  Chevreul  are  conspicuous  among  the  labors 
which  have  contributed  in  so  striking  a  manner  to  the  rapid  advance- 
ment of  chemistry  during  the  present  century ;  undertaken  when  the 
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<>f  organic  substances  had  s 

.   -sheii  tin-  principles  Of  Classification  were  almost  entirely 
•  •al,  :IIM|  hardlx  any  re-carch  had  been  publi-hed  \\lii.-h  could 

as  a  model,  these  researches  i.-il.-.-i  the  lemarkable  -a::a.-it\  :in<l 
of  their  author. 

•  >iir   obligation  to  this   eminent    ehemi-t    is   further   in- 
creased, when  we  remember  that  the  nltim  \  sis  of  organic  -nil- 
stances  was  then  eile, -ted   b                   diilicult   an<l   lalx.ri. .us   i 
whilst  tin-  doctrine  of  combining  proportion-  \\a-  so  impel feet ly,  under- 
.  that  it    could    afford   but  littlr   assi.stanci-    in  (.•Mnlinning  or   int.-r- 

-ults  of  analysis. 

All  soaps  result  from  tin  a<  tion  of  the  alkalies  upon  the  oils  and  fats. 
In  tin-  manufacture  of  soap,  potash  and  soda  an-  tin-  <>nly  alkalies 
employed,  tin-  former  for  soft,  the  latter  for  ha: 

Thr  fatty  matters  employed  l»\  the  soap-maker  are  i-l.ietly  tallow,  palm 
oil,  cocoanut  oil,  ami  kit  dim  -mil'.  f<>r  hard  soaps,  and  seal  oil  and 
whale  oil  for  soft  soaps. 

In  the  manufacture  of  hard  soap,  the  alkali  is  prepared  by  boiling  a 
solution  of  carbonate  of  soda  (soda-ash)  with  lime  to  remove  the  car- 
bonic acid — 

Na,O.CO,    +    CaO.H,0  =   CaO.CO,  +   Na,O.H,O  (or  2NaHO), 

the  «  lear  solution  of  hydrate  of  soda,  or  soda-lye,  being  drawn  oft'  from 
the  insoluble  carbonate  of  lime. 

The  tallow  is  at  first  boiled  with  a  weak  KXlSrlyQi  the  soap 

which  is   formed   is   insoluble  in  a  strong  alkaline  solution,  ami  would 
envelop  and  protect  a  quantity  of  undecompoxe.I  tallow;   in  proportion 
-apoiiitication  |.i-  longer  1\'  'led,  until  the  whole 

of  the  grease  has  disappeared.     In  order  to  separate  the  soap  which  is 
dissolved,  advantage  ,  of  the   insolubility  of  soap  in    solution  of 

salt;  a  quantity  of  common  salt  being  thrown  into  the  boiler,  the  soap 
rises  to  the  surface,  when  the  drawn  oil'  from  below,  and  the 

soap  transferred  to  iron  moulds,  that  it  may  harden  suHi< -iently  to  be 
cut  up  into  bare. 

In  order  to  under-tand  the  die-  :hi-   process,  it  is  nec«- 

to  know  that  tallow  i-  a  mixture  of  two  fatty  -ub-tanee-.  one  of  which, 
C    ll.IOOt),  is  solid,   and    the   other.   0  '      11    />,.),   liquid, 

•f-tearine  bein^  about  thrice  that  of  ole, 

i  these  fats  are  acted  upon  i»\  v.,da.  they  undergo  decomposition, 

furni-hiiiLr  Mcarie  and  oleic  acid-.  \\hi«-h  combine  with  tin-  MM  la  to  form 

\\hil-t   a  peculiar  sweet  substance,  term. 

solution;   the  nature   of  the   decomposition  in  each    case  will    be    under- 
Stood  from  the  following  equati- 

C.H^H.OVO,  4-  3(Naii<>  c  11*0)0  +  O.H.O 

Stoftnte  of  soda. 

0,11  .'«•  H,0)rO,  -f    KNftHO)  =  SNa<C   II  O)O  +    C,H.O, 

...... 

•  the  soap  obtained  b\  b..ilini:  tallow  \\ith  sod:i  -;in-  of  the 

steanr  .  with  about  a  third  of  it-  weight  of  oh-ate  ..f  soda,  and 

1'alm  oil  ,  '      II    <  >  i.  a  solid  fat.  which 
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is  resolved  by  boiling  with  soda  into  palmitate  of  soda  (palm-oil  soap) 
and  glycerin — 

C3H5.(C16H310)303     +     3(NaHO)     ==     3Na(C16H310)0     +     C3H803. 

Palnjitine.  Palmitate  of  soda.  Glycerin. 

In  the  fish  oils,  the  predominant  constituent  is  oleine,  so  that  when 
boiled  with  hydrate  of  potash,  the.y  yield  oleate  of  potash  (KC^H^OJ, 
which  composes  the  chief  part  of  soft  soap. 

Castile  soap  is  made  from  olive  oil,  which  contains  oleine  and  a  solid 
fat  known  as  margarine.  The  latter  appears  to  be  really  composed  of 
palmitine  and  stearine,  so  that  the  Castile  soap  is  a  mixture  of  oleate, 
palmitate,  and  stearate  of  soda. 

The  peculiar  appearance  of  mottled  soap  is  caused  by  the  irregular 
distribution  of  a  compound  of  the  fatty  acid  with  oxide  of  iron,  which 
arranges  itself  in  veins  throughout  the  mass.  If  the  soap  contained  too 
much  water,  so  as  to  render  it  veiy  fluid  when  transferred  to  the  moulds, 
this  iron  compound  would  settle  down  to  the  bottom,  leaving  the  soap 
clear,  so  that  the  mottled  appearance  is  often  regarded  as  an  indication 
that  the  soap  does  not  contain  an  undue  proportion  of  wrater ;  it  is  imi- 
tated, however,  by  stirring  into  the  pasty  soap  some  sulphate  of  iron 
and  a  little  impure  lye  containing  sulphide  of  sodium,  so  as  to  produce 
the  dark  sulphide  of  iron  by  double  decomposition.1 

In  the  manufacture  of  yellow  soap,  in  addition  to  tallow  and  palm  oil, 
a  considerable  proportion  of  common  rosin  (see  p.  499)  is  added  to  the 
soap  shortly  before  it  is  finished. 

Soft  soap  is  not  separated  from  the  water  by  salt  like  hard  soap,  but  is 
evaporated  to  the  required  consistenc}^. 

Transparent  soaps  are  obtained  by  drying  hard  soap,  dissolving  it  in 
hot  spirit  of  wine,  and  pouring  the  strong  solution  into  moulds  after 
the  greater  part  of  the  spirit  has  been  distilled  oft'. 

Silicated  soap  is  a  mixture  of  soap  with  silicate  of  soda. 

Glycerin  soap  is  prepared  by  heating  the  fat  with  alkali  and  a  little 
water  to  about  400°  F.  for  two  or  three  hours,  and  running  the  mass  at 
once  into  moulds.  It  is,  of  course,  a  mixture  of  soap  and  glycerin. 

The  proportion  of  water  in  soaps  is  very  variable,  some  specimens 
containing  between  70  and  80  per  cent.  The  smallest  proportion  is 
about  30  per  cent. 

The  theory  of  saponification,  stated  above,  has  received  the  strongest 
confirmation  within  the  last  few  years,  by  the  synthetic  production  of 
the  fats  from  glycerin  and  the  fattj^  acids  formed  in  their  saponification. 

Preparation  of  the  Fatty  Acids. — All  the  soaps,  when  mixed  with 
acids,  undergo  decomposition,  their  alkalies  combining  with  the  acid 
added,  whilst  the  fatty  acids  separate  either  in  the  solid  form  (in  the 
case  of  stearic  and  palmitic  acids),  or  as  an  oily  liquid  (in  the  case  of 
oleic  acid).  Thus,  if  soap  obtained  by  boiling  tallow  with  soda  be  dis- 
solved in  hot  water,  and  mixed  with  an  excess  of  tartaric  acid,  an  oil 
rises  to  the  surface  which  concretes  into  a  buttery  mass  on  cooling. 
This  mass,  composed  of  stearic  and  oleic  acids,  is  submitted  to  pressure 
in  order  to  separate  the  greater  part  of  the  liquid  oleic  acid,  and  the 
stearic  acid  which  is  left  is  purified  by  crystallization,  first  from  alcohol, 
and  afterwards  from  ether. 

Stearic  acid  is  thus  obtained  in  transparent  colorless  plates,  which  have 

1  A  soap  which  contains  much  more  than  30  per  cent,  of  water  is  said  not  to  admit  of  mottling. 
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the  composit  0  ible  in  water,  but 

dissolve  in  hot  al.-,,!,,,],  id,.  lOtattOB  bein_'  acid 

All  tin-  *  tea  rates  an-  insoluble  in  wa:  •  In-  alkalies,  so 

that  if  a  solution  of  .-..mmon  -,,:i|.  i  ,-..i.t :,  iii  iii  _ 

:i  .solution  of  lime  or  magi  f  lime  or  magnesia  is 

separated  in  tin-  insoluble  form,  ami  it  "ill  In-  remembered  that  \\\\- 
com;  <»f  soap  is  1  by  the  action  of  hard  waters  (page  T 

408.  CANDLES — Since  tallow  fuses  at  about  100°  F.,  and  stearic 
not  l-  -:ow  i.v.«  .1-  t  thai,  independently  of  •  ii>ideration«.. 

tin-   latter   would   be   better  adapted  for  the  nianufact  ii!  lies,  for 

Such  candles  would  never  soften  at  the  ordinal  i.-ric  temperat  HIT 

in  any  climate,  and  would   have  much  less  tendency  t  nse- 

«l«ience  of  the  excessive  fusion  of  tin-  furl  around   the  ba*c  of  tin-  w 

'  nished  by  tin-  destructive  distillation  of  *tcaric  acid  in  the 
wick  of  the  candle  Imni  with  a  brighter  llnine  than  those  produced  from 
tallow.  A<T(,rdiii'_rly  the  manufacture  of  stearine  (or  more  correctly. 
stearic  acid)  candle*1  has  now  become  a  very  important  and  instrm 

:i  of  imli; 

The  original  method  of  >eparatimj;  the  ste  iVom  tallow  on  the 

large  scale,  con-i-ted  in  mixing  melted  tallow  with  lime  and  water,  and 
heating  the  mixture  for  some  time  to  -JTJ  l.\  posing  steam  through  it. 
Tin-  tallow  was  thus  converted  into  the  insoluble  '.-of 

lime,  which  was  drained  from  the  solution  containiui:  the  -Ivcciin.  and 
l.y  Hiilphuric  acid.  Tin-  mixture  of  stearic  and  olcic  acid* 
thus  obtained  wns  cast  into  thin  slabs,  which  were  packed  between  pi. 
of  cocoanut  mattim;.  and  well  squeezed  in  a  hydraulic  prta^  \\hich 
forced  out  the  oleic  acid,  leaving  the  stearic  and  palmitic  acid*  in  a  fit 
state  for  the  manufactui 

The  separation  of  the  solid  fatt\  :n  tallow  and  inriv 

also  be  ellected   by  the  action  of  sulphuric  acid,  a  process  CXtcn-p 
applied  in  this  country  to  palm  and  cocoanut  oils.      These  fats  are  mi\.  d 
in  copper  boilers  with  about  one-sixth  of  their  weight  of  concent  rated  *ul- 
phii!  .  1  by  xtcam  to  I  hour*,  when 

part  of  the  glycerin  i-  d   into  sulpho  ('  I!  n.so    . 

and  the  remainder  is  decomposed  by  the  sulphuric  acid,  carbonic 
*ulphuroii*   acid*    being  disengaged.  whil*t    a   dark-colored    mixtui. 
palmitic,  *teai  ic.  ami  olric  acid-  i*  letl.      A  part  of  the  oleic  acid  becoiii'--, 

d  in  thi*  process  ii  J,  which  has  the  -rime  conn 

.  but    ditlei-s   from  i    in  fu-injr  at  about   113°  F..  so  that  the 

amount  of  solid  a<  i  1  obtained  by  this  jimcc**  is  much  im-rea-ed.  This 
mixture  is  well  washed  from  the  adhering  sulphuric  and  sulplx 

!•,  and  transferred  to  a  copper  still   into  which  a  current  of  steam  is 
passed,  which  has  been  raised  to  about  »;mi     K.  b\  passing  throuLrh  hot 
i  pi|»es.     These  fat  distilled  alone  without  de- 

composition, but    under   the    intluence  of  a   current  of  steam    they  pass 
:    readily  enough,  |i-a\inur  a  black  pitc!i\    residue  in  the  retort,  which 
iscmployi'd  in  in:;  k  *ealinur-wa\.  and  for  other  u>rt'iil  purposes. 

km  up  and  pressed  be;  .annt. 

ug  to  rein 

IgS  of  thi*  |.rocess.  which  is  coninioiiK  .  though  incor- 

.  is  its  allowing  the  . 

i  of  ft  mixture  of  »U*ric  mod  palmitic  ackU. 
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version  of  the  worst  kinds  of  refuse  fat  into  a  form  fit  for  the  manufac- 
ture of  candles ;  thus  the  fat  extracted  from  bones  in  the  manufacture 
of  glue,  and  that  removed  from  wool  in  the  scouring  process,  may  be 
turned  to  profitable  account. 

It  will  be  remarked  that  in  this  process  the  palmitic,  stearic,  and  oleic 
acids  are  formed  from  the  palmitine,  stearine,  and  oleine  existing  in  the 
fats,  by  the  assimilation  of  the  elements  of  water  and  the  subsequent 
separation  of  glycerin,  just  as  in  the  ordinary  process  of  saponification 
by  means  of  alkalies. 

Strictly  speaking,  the  action  appears  to  consist  of  two  stages  ;  for 
when  concentrated  sulphuric  acid  is  allowed  to  act  upon  the  natural  fats 
in  the  cold,  it  combines  with  each  of  their  ingredients,  forming  the  acids 
known  as  sulphostearic,  sulphopalmitic,  sulpholeic,  and  sulphoglyceric, 
which  are  soluble  in  water,  though  not  (with  the  exception  of  the  last) 
in  water  containing  sulphuric  acid. 

The  second  stage  consists  in  the  decomposition  of  the  sulpho-fatty 
acids  by  the  high  temperature  in  contact  with  steam,  the  sulphoglyceric 
acid  having  been  in  great  measure  decomposed  into  secondary  products 
before  the  distillation  is  commenced. 

Within  the  last  few  years,  the  extraction  of  the  solid  acids  from  the 
natural  fats  has  been  effected  by  a  process  known  as  saponification  by 
steam,  which  allows  the  glycerin  also  to  be  obtained  in  a  pure  state. 
It  is  only  necessary  to  subject  the  fat,  in  a  distillatory  apparatus,  to  the 
action  of  steam,  at  a  temperature  of  about  600°  F.,  to  cause  both  the 
fatty  acids  and  the  glycerin  to  distil  over;  the  former  may  be  separated 
as  usual  into  solid  and  liquid  portions  by  pressure,  whilst  the  glycerin, 
which  is  obtained  in  aqueous  solution  below  the  layer  of  fatty  acids,  is 
concentrated  by  evaporation  and  sent  into  commerce  as  a  very  sweet 
colorless  viscid  liquid.  The  saponification  of  palmitine,  for  instance,  by 
steam,  would  be  represented  by  the  equation — 

C3H5.(CI6H310,)3    +     3H20    =     3(H.C16H3102)     +     C3H,0:, 

Palmitine.  Palmitic  acid.  Glycerin. 

409.  In  the  artificial  formation  of  natural  fats,  this  change  has  been 
reversed,  for  by  heating  3  molecules  of  stearic,  palmitic,  or  oleic  acid 
with  1  molecule  of  glycerin,  in  a  sealed  tube,  for  several  hours,  to  about 
500°  F.,  3  molecules  of  water  are  eliminated,  and  stearine,  palmitine,  or 
oleine  is  produced. 

By  a  similar  process,  compounds  have  been  formed  from  glycerin  with 
one  and  two  molecules  of  the  fatty  acids,  so  that  we  are  acquainted,  in 
the  stearine  series,  for  example,  with — 

Stearic  acid.  Glycerin. 

Monostearine,    C21H42O4  =    C18H300.,         +    C3H8O3  —   H..O 
Bistearine,    .     CWHWO,   =   2(<318H88Oa)    +    C3H8O3  —   2H.,O 
Terstearine,  .     C57H1J066  =   3(C18H3602)    +    C3H8O3  —   3H2O 

The  last  representing  stearine  as  it  exists  in  the  natural  fats. 

Nor  is  it  only  with  the  fatty  acids,  properly  so  called,  that  glycerin 
will  furnish  glycerides,  as  these  bodies  are  termed,  similar  compounds 
having  been  obtained  with  acetic  and  benzoic  acids. 


a  similar  manner. 
chlor- 


The  hydrogen-acids  are  also  capable  of  acting  upon  glycerin  in  a  similar  ni! 
Thus,  when  glycerin  (C3H8O.})  is  acted  on  by  hydrochloric  acid,  an  oily  liquid, 
hydrine  (C3H7O?C1),  is  obtained,  the  glycerin  "having  combined  with  1  molecuie  ui 
hydrochloric  acid,  and  1  molecule  of  water  having  been  separated. 

Dichlorhydrine  (C3H6OC12)  results  from  the  union  of  glycerin  with  2  molecules  of 


.IN. 

l'.v<:  •  *  ul<>«  of  wat<T  ;   wli 

kydrinf  ((\HjCI,  i,  8  molecules  of  hydrwhl«>rir  »u  id  Are  Uken  up,  and  3 

My  tin-  ni-tiiiii  «>f  ,,xido  of  iilver,  in  j>re»en  rhvlrin—  • 

.  'if  cxnmitur  IrilMtDM 

r   it  rhlurhydririi-   fx- 
ctiry  in  tin*  pretence  of  water,  it  is  cor  r..|.ylone  — 

C.HjO.Cl     +     H,O     +     Na,    =    CjH.O,    +     NallO    +     NaCl. 

me.  Propyl-gljrcol. 

ThU  -lycri-in   to  form  compounds  with  the  acids,  the 

format!..  i,   of  \\hich    \M  1   dike  that   of  the  ethers  from  alcohol  ) 

with  separation  of  thr  elements  of  water,  has  led  chemists  to  l.M.k  upon 

••••rin  as  an  alcohol  —  a  view  which  is  also  supp.n-tcd  l.y  its  oombfa 

with  sulphuric  an.  1  plmsphoric  acids  t..  form  *•///,/,.  .     M<»   SOJ 

.-iii'l  aCtdCfjoM  as  alcohol  forms  •olpboYinto  and  i 

phovinic  acids.      A  coiiipniind  has  even  heen  obtaim-d.  which  i-  l..-li.-\«-d 
to  stand  to  glycerin   in  a  relation  similar  to  that   which  ether  I  .care  to 
iiol;   the    formula  of  this  </  .  .-ailed.  i>   <  .M,<>. 

•  litlering  from  2  molecules  of  glycerin  (  (  ',  1  1  1€Ot)  by  the  elements  of  3 
molecules  of  water. 

The  formation  of  stearine  from  stearic  acid  and  glycerin   would  then 
be  quite  analogous  to  that  of  acetic  ether,  for  example,  from  a 
and  alcohol,  as  will  be  seen  by  comparing  the  two  equation-. 

II-^.HO,     +     (VII.  IK)  C.H.-C.H.O,     +     IM» 

acid.  Alcohol. 

LCttH^OJ     +     C,H6.H,03  C,Hr8CltHmOf    +     311  n. 

Btaart  •  II  Btaada*. 

The  only  diMcn-iice  between  the  two  reactions  is,  that   in  the  latt, 
molecules  of  acid  are  conccin*  «l.  and  :;  molecules  of  water  arc  lormed. 
This  circumstance,  taken  toircther  \\itl:  some  otlu-r  features  of  L'l\  .-rnn. 
has  indu  chemist  -  nsider  alcohol  as  lormed  upon  the 

of  a  molecule  of  water,  to  look  upon  gl  d.  ri\,  d  in  a  sim- 

ilar manner   from  :;    m.Vules  of  water  in  which    half  the   hydroLr,.n   js 
replaced  l.y  the  triatomic  radical,  glycerylt     'II         ;  thus— 


\\  : 


\\ 
(;  (  'ir 

Etber'      •  0    0>y^c  ether,  ^ 


.•rin  is  ol.taincd   on  the  small  scale   by  boiling  olive  oil  with 

litharge  and    water,  until   the  stearic,  oN-ic.  and    palmitic   acids  are  con- 

-•ir  lead-salts  •  .  \\hi.-h  arc  ins.dublc.  \\hil-t  the 

glycerin,  together  with  a  little  oxide  of  1,-ad.  pej*  -lution.     The 

lead  i-  |  1    by  hydrosulphurir  aci-l.  and   the  filtered  liipiid  00* 

by  e\aporation. 

:  uses  of  glycerin  as  an  apj.licat  ion  to  the  -nedy 

in  cases   of  .i  j    lls  \\aiit  <'.f 

volatility,  which  preserves  surfaces  to  which  it  is  applied  in  a  moist  and 
' 

•.  ithotit    de«-onipo>itioii.  thou-h  it 
has  been  seen  to  be  capable  of  distillation  in  a  nmvnt  of  hM, 

When    decomposed    by    .list  illation,    it    .  irritatinu 
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vapors  of  acroleine  (C3H40),  which  is  a  constant  product  of  the  destruc- 
tive distillation  of  fats  containing  glycerin,  and  gives  rise  to  the  pecu- 
liar disgusting  odor  of  a  smouldering  tallow  candle  ;  composite  candles, 
being  made  of  stearic  and  palmitic  acids  (without  glycerin)  do  not  emit 
this  odor  of  acroleine  when  blown  out. 

Acroleine  is  best  obtained  in  the  pure  state  by  distilling  glycerin 
with  anhydrous  phosphoric  acid,  which  removes  two  molecules  of  water 
(C3HSO3  —  2H20  =  C3H40).  It  is  a  colorless  liquid  distinguished  by 
its  intensely  irritating  vapor,  which  affects  the  eyes  very  strongly.  From 
a  chemical  point  of  view  it  is  interesting,  as  being  the  aldehyde  of  the 
allyle  series  (see  p.  508),  and,  therefore,  another  link  connecting  that 
series  with  glycerin.  By  treatment  with  oxide  of  silver,  acroleine  is 
converted  into  acrylic  acid  (C:!H4O.,),  bearing  the  same  relation  to  acro- 
leine (C.JI40)  that  acetic  acid  (C2H402)  bears  to  ordinary  aldehyde  (C2 
H4O).  The  iodide  of  allyle  and  allylic  alcohol  have  been  already  noticed 
(p.  508). 

The  allyle  series,  therefore,  is  perfectly  parallel  with  the  ethyle  series, 
and  it  seems  very  probable  that  allylic  alcohol  is  a  member  of  a  homol- 
ogous series  of  alcohols  having  the  general  formula  CnII2aO,  with  a 
series  of  acids  corresponding  to  the  acetic  series,  but  having  the  general 
formula  CnHan_a02,  of  which  the  following  members  are  known : 

Acrylic  Series  of  Acids. 


Acid. 

Formula. 

Source. 

Acrylic,    . 

C3H402 

Oxidation  of  acroleine. 

Crotonic,  . 

C4H602 

Croton-seed  oil. 

Angelic,   . 

$!*°d 

Angelica  root. 

Pyroterebic, 

Turpentine. 

Damaluric, 
Campholic, 
Moringic, 

cXX 

C10H1802 

Cow's  urine  (<5a/iaXos,  a  calf}. 
Camphor. 
Moringa  aptera  (oil  of  ben). 

Hypogeic, 

1  r  Tq.2     * 

f  Oil  of  groundnut. 

Physetoleic, 

/  L/16±130U2 

\  Sperm  whale  oil  (Physeter  macrocephalus}. 

Oleic,   .     . 

Cl8H34°2 

Most  oils. 

Doeglic,    . 

Doegling  train  oil. 

Brassic, 
Erucic, 

}c"H4202 

/  Mustard  seed  (fixed)  oil. 
\  Colza  oil  (Rrassica  oleifera}. 

These  acids  are  monobasic,  their  salts  being  formed  by  the  substitution  of  1  equiva- 
lent of  a  metal  for  1  of  hydrogen. 

The  following  table  exhibits  the  principal  members  of  the  allyle  series,  together 
with  the  corresponding  members  of  the  ethyle  series  : 


Ethyle  Series. 


Allyle  Series. 


Ethyle,    .         .                        C,HVC9H, 

Allyle,       . 

CjHj.CjHj 

Ether,      . 
Alcohol,  . 

(C2H5)20 
C2H5.HO 

Allylic  ether,    . 
Allylic  alcohol, 

(C3H5)20 
C3H5.HO 

Iodide  of  ethyle, 

C2H5I 

Iodide  of  allyle, 

C3H5I 

Acetic  ether,   . 

Acetate  of  allyle, 

C3H5.C2H302 

Aldehyde, 

C!H?O  2 

Allyle  aldehyde, 

C3H4O  (acroleine) 

Acetic  acid, 
Sulphide  of  ethyle, 
Tricthylamine, 

C2H402 

(C2H5)2S 
N(C2H5)3 

Acrylic  acid, 
Sulphide  of  allyle, 
Triallylamine,  . 

C3H402 

(C3H5)2S  (oil  of  garlic) 

N(C3H5)3 

Hydrate  of  tetrethylium 

N(C2H5)4.HO 

Hydrate    of    te-  "1 

trallylium,        j 

(     3     5.)* 

It  has  been  seen  (p.  508)  that  glycerin,  when  distilled  with  biniodide 


»'»'  'J  8TEARIC    OLUC08B  —  OLUCO-T  ART  A  RIC    ACID. 

I  iodide  of  all          'Ml.     Wh,-n   thU   liquid  is 
ilh    bfOIBfoe  it    > 

II  r.r  ;  an.  I  it'  this  be  decomposed  by  ar.  i,  it  furnishes  the 

id.-  known  H  >U8  — 

(III,,         +       3AgrfHsO,      =       0,^.30,11,0,      +       3A«: 

Terfaromlde  of  ally  le.         Acetate  of  direr.  Ten. 

Whc!  -  submitted  to  the  action  of  hydrate  of  baryta,  glyc- 

i-  reproduced  — 

2(C  II  ,;r  11,0,)     +     3(BaO.H,O)    =     20,11,0,    +     8Ba*C,H,Or 

Tera<  Acetate  <>f  baryta. 

affords  an  interesting  example  of  the  conversion  of  a  in..n 
radical,  allyle  (C3II     .  into  a  triatomic  radical,  glyceryle  (< 

411.  A  very  interesting  chemical  similarity  has  been  pointed  out  be- 
tween glycerin  and   mannite  •  <  ',  I  !,,<>,).      It  will  be  remembered  that  the 

former  is  a  constant  product  of  the  alcoholic  fermentation,  and  the  la- 
of  a  peculiar  kind  of  fermentation  (the  viscous),  to  which  saccharine 
li«jui«ls  are  subject. 

When  maiinite  is  heated,  under  pressure,  with  the  acids  of  the  acetic 
series,  it  forms  compound*  corresponding  to  those  obtalMd  wln-n  _ 
erin  is  so  treated.     Thus,  with  stearic  acid  — 

',.0,    +    6CMHM0,    =    O.^.O,,    +    7H.O. 

Mmnnltc.  Stearic  »cid.  MmonlU»  .temrino. 

Hut  it  will  l>e  observed  that  7  molecules  of  water  are  here  climi 

inst.-ad  of  3,  as  in  the  case  of  Lrlveerin.  The  further  examination  of 
mannite  explains  this,  for  it  is  not  that  sul.  stance  which  is  the  true  ana- 
logue of  glycerin,  hut  one  which  is  obtained  by  heating  mannite  to  400° 
1  .  >ses  a  molecule  of  water,  and  rtcd  int..  ne  — 

C.H140.  H,0    =    C.H,,0S. 

Mannltano. 

This  mannitane  or  mannite-glycerin  is  a 

ing  a  very  strong  reseni  Manrr  i<>  glycerin,  so  that  it  i->  not  unlikely  to 
have  been  mistaken  for  this  substance  in  examining  some  of  the  natural 
fats.  'I  i  or  compounds  formed  by  heating  man 

nite  \\ith  the  fatty  acids,  are  scarcely  to  be  distinguished  from  -tearine, 
palinitine,  &c.  They  are  saponified  1>\  alkali.^  in  exactly  the  same 
maniici. 

rape^ugar  are  capable  of  forming  compounds  cor- 
nir  to  tlK.se  obtained  by  tli-  •!-    iip"n  ijycerin  and 

mannite.    That,  if  ffimpe-eofliur  be  heated  to  25o    '  •  al  h..ur- 

acid,  it   in  eonverted  into  a  fusible  sc.lid.  insoluble 
in  water,  but  soluble  in  ale.  .hoi  and  ether  — 

'    "::0.     4-     aC^O,    =     C4,HW07     +     3!  In 


Mi  irt  i  II,  -!•  ••     -•       - 

(anhydnDU.). 

When  'jrape-eugaris  heated  with  tartaric  acid,  a  similar  reaction 
place,  but  the  resulting  product  is  a  new  a 

«     II    <>  IB  0  H  n  ||  r    II    ..        ^      :;H.(). 

•utfar  Tartaric  add. 

(»nh>  : 

-•-sugar  behaves  in  a  similar  manner. 
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412.  Nitroglycerin,  or  Glonoine. — This  violently  explosive  substance 
is  very  easily  prepared  by  dissolving  glycerin  in  a  mixture  of  equal 
measures  of  the  strongest  nitric  and  sulphuric  acids,  previously  cooled, 
and  pouring  the  solution  in  a  thin  stream  into  a  large  volume  of  water, 
when  the  nitroglycerin  is  precipitated  as  a  colorless  heavy  oil  (sp.  gr. 
1.6).  It  is  advisable  to  add  the  glycerin  to  the  mixed  acids  in  very 
small  quantities  at  a  time,  and  to  cool  the  mixture  in  a  vessel  of  water 
after  each  addition.  When  the  nitroglycerin  has  subsided,  the  water 
may  be  poured  off,  and  the  oil  shaken  several  times  with  water,  so  as  to 
wash  it  thoroughly.  The  formation  of  nitroglycerin  resembles  that  of 
gun-cotton  (see  p.  531),  three  atoms  of  hydrogen  being  removed  from 
the  glycerin  by  the  oxidizing  action  of  the  nitric  acid,  and  three  of  nitric 
peroxide  introduced  in  their  place — 

C3H803     +     3(HN03)     =     C:,H5(N02)A     +     3H.A 

Glycerin.  Nitroglycerin. 

On  a  larger  scale,  a  mixture  of  concentrated  nitric  acid  (sp.  gr.  1.47  to  1  49)  with 
twice  its  weight  of  concentrated  sulphuric  acid  is  employed.  The  mixture  is  placed 
in  stone  jars'containing  about  7  Ibs.  each,  which  are  immersed  in  running  water, 
and  about  1  Ib.  of  glycerin  (sp.  gr.  1.25)  is  gradually  added,  with  frequent  stirring, 
to  the  contents  of  each  jar,  care  being  taken  that  the  temperature  does  not  rise  above. 
80°  F.  The  mixture  is  allowed  to  settle  for  a  quarter  of  an  hour,  and  poured  gradu- 
ally into  5  or  6  gallons  of  water.  The  oily  nitroglycerin  which  falls  to  the  bottom 
is  well  washed  by  stirring  with  water,  a  little  alkali  being  added  in  the  last  washings. 
One  per  cent,  of  magnesia  is  sometimes  added  to  the  nitroglycerin  in  order  to 
neutralize  any  acid  arising  from  decomposition. 

This  oil  is  very  violent  in  its  explosive  effects.  If  a  drop  of  nitro- 
glycerin be  placed  on  an  anvil  and  struck  sharply,  it  explodes  with  a 
very  loud  report,  even  though  not  free  from  water ;  and  if  a  piece  of 
paper  moistened  with  a  drop  of  it  be  struck  it  is  blown  into  small  frag- 
ments. On  the  application  of  a  flame  or  of  a  red-hot  iron  to  nitro- 
glycerin, it  burns  quietly;  and  when  heated  over  a  lamp  in  the  open  air 
it  explodes  but  feebly.  In  a  closed  vessel,  however,  it  explodes  at  about 
360°  F.  with  great  violence.  For  blasting  rocks,  the  nitroglycerin  is 
poured  into  a  hole  in  the  rock,  tamped  by  filling  the  hole  with  water, 
and  exploded  by  the  concussion  caused  by  a  detonating  fuse  (see  p.  534). 
It  has  been  stated  to  produce  the  same  effect  in  blasting  as  ten  times  its 
weight  of  gunpowder,  and  much  damage  has  occurred  from  the  accidental 
explosion  of  nitroglycerin  in  course  of  transport.  When  nitroglycerin 
is  kept,  especially  if  it  be  not  thoroughly  washed,  it  decomposes  with 
evolution  of  nitrous  fumes  and  formation  of  crystals  of  oxalic  acid  ;  and 
it  may  be  readily  imagined  that,  should  the  accumulation  of  gaseous 
•products  of  decomposition  burst  one  of  the  bottles  in  a  case  of  nitro- 
glycerin, the  concussion  would  explode  the  whole  quantity. 

Nitroglyoerin  is  particularly  well  fitted  for  blasting,  because  it  will 
explode  with  equal  violence  whether  moisture  be  present  or  not.  On  the 
other  hand,  it  is  very  poisonous,  and  is  said  to  affect  the  system  seriously 
by  absorption  through  the  skin,  and  the  gases  resulting  from  its  explo- 
sion are  exceedingly  acrid.  Again,  its  fluidity  prevents  its  use  in  any 
but  downward  bore-holes.  To  overcome  these  objections,  and  to  diminish 
the  danger  of  transport,  several  blasting  compounds  have  been  proposed, 
of  which  nitroglycerin  is  the  basis. 

Dynamite  is  composed  of  a  particularly  porous  silicious  earth,  ob- 
tained from  Oberlohe  in  Hanover,  impregnated  with  about  7.0  per  cent, 
of  nitroglycerin. 
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M    t«>    Lr'in-coUon   |,u!|.  and  salt  p.  ' 

with  i  mplcx  mixture,  contain- 

ing  about  half  it-,  wei-li-  .\itli  nitrate  of  soda, 

suljilmr.  powdeie.  I  r«>:il.   sawdust.  an«  I    sili  :s  COm- 

posed  «>t'  nitn  u'lyc.  -awdust. 

•  luble    in   ether  and    in   wood-naphtha,  but 

somewhat  less  so  in  alcohol;  it  tad  by  water  from  tin-.- 

last  solutions.     It  beco me-  solid  at  40°  F.,  a  circumstance  which  is  un- 

fav..i:,  us,-   iii  mining   oj  .  ,    it  is  th.-n  less 

i  lible   of  explosion    I iv  the    detonating    fuse.  \     because 

serious  :u  -ridents  an-  -aid  to  I  a\  •  •  r«  --idt  ed  from  attempts  to  thaw  tin- 
frozen  nitro-lNcerin  by  h«-at.  or  to  break  it  up  with  tools.  It  i-  n-inark- 
al'lr  that  wlu-n  madron  tin-  -mall  scale,  tin-  nit  ro._-h  n-rin  max  -ji-ncrally 
be  cooled  down  to  0  F.  without  becoming  hard  Thi-  atxl  oih.  r  obser- 
vation^ render  it  probable  t  hat  some  Other  substitution  product  is  occa- 
sionally mixed  with  it. 


On  >   \M>   FATS. 

413.   A  v«-ry  remarkable  feature  in  the  hi-tory  of  the  fi\N  i-  the  close 

•  lance  in  chemical  composition  and  properlie-  which  exist*  1,, 
tin-in,  \\hcthrrderivrd  from  the  vegetable  or  the  animal  kingdom.     They 
all  contain  two  or  more  neutral  substances  which  furni-i.  i  when 

saponified,  together  with  some  of  the  acids  of  the  acetic  series  or  of  series 
closely  allied  to  it. 

iie  im.st   useful  vegetable    fatty  matters   is  jmhn  »il.  which    is 
extracted  by  boilinir  ":i'(i' t'l "in  the  cru-li«l  fruit  of  the  /. 
an  African  palm.     It  i-  a  -cmi -olid  fat .  u  Inch  becomes  more  solid  when 
nice  it  then  undergoes  a  species  of  fermentation,  excited    appar- 
ently by   an   albuminous    substance   contained    ju   it.  in   consc<|iie: 
which  the  palmitiiie     <      II    <  >  )  is   (•..nvitcd    into  glycerin  an-l   palmitic 
acid.      The  bleaching  of  palm  oil  nnxtuieof 

sulphuric  or  h\  drochloric  acid  and  bichromate  of  potash,  which  oxidi/es 
uring  mat 

is  also  8emi-<olid,  and   i-  remarkable   tor  the  num1 
"f  the  acetic  series  which  it  yields-  when  saponified,  viz.,  caproic. 

i  utic.  lauric.  myristic,  and  palmitic. 
-e  fats  are  chi«  t!\  u-er|  in  the  manufacture  of  soap  and  can-l 

.  is  obtained    by  crushing  olive-. 

an    inferior    kind    \\hi<-h    i-    u-ed    for   soap   18   obtained    by    boilin-j    the 
•I    fruit    with    water.      When    exposed    to   a    temperature  of  about 

il   solidifies  ;   this  -olid  portion  is 

generally  called  i     M    <>;  it  is  moch  let*  actable  in  alcohol 

than  Ht«-arine.  thon-jh  more  s«,   than    palmitiiie.      When    saponified,  mar- 

<      II    •'     .       |  ;,  id  appears 

pOMd  "f   sN-aiie    and    palmitic   acids,  into  \\hich  it  may 
be  separated  b\  re|M-;»ted  er\  st alli/at  ioi,  tiom  alcohol,  when  the  palmitic 
acid  is  left  in  solution.      The    fusin-j-point    of  mar-ari<-  a«-id  is    1  to     I  .. 
'   ,  and  that   of  palmitic  1  II    .  but    a  mixture  of 
•  palmitic  with  1   part  of  straric  acid 
That  portion  of  the  olive  oil  which  remains  liquid   bel« 

i      II     <>  i.  and  forms  nearly  three-fourths  of  it- \  '  'leine 

saponified  as  the  solid  fats,  and  -  d  by  that  pro- 

CCSS  into  glycerin  and  ofok  a'-i-l  (0    H  ,<  •  i.  which  diifers  fr..m  the  utlu-r 
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fatty  acids  by  remaining  liquid  at  temperatures  above  40°  F.,  and  by 
absorbing  oxygen  from  the  air,  when  it  is  converted  into  a  new  acid 
which  is  not  solidified  by  cold. 

Oleic  acid  is  used  in  greasing  wool  for  spinning,  being  much  more 
easily  removed  by  alkalies  than  olive  oil,  which  was  formerly  employed. 
Oleate  of  ammonia  is  sometimes  employed  as  a  mordant  for  the  aniline 
dyes  on  cotton. 

The  characteristic  feature  of  oleic  acid  is  its  furnishing  a  solid  crys- 
tallized acid  when  submitted  to  destructive  distillation ;  this  acid  is 
called  sebacic  acid,  and  is  one  of  a  series  of  dibasic  acids,  most  of  the 
other  members  of  which  may  be  obtained  from  oleic  acid  by  the  action 
of  nitric  acid. 

Dibasic  Fatty  Acid  Series. 


Acid. 

Formula. 

Source. 

Oxalic, 

C2H204 

O.valis  acetosella  (wood  sorrel),  &c. 

Malonic, 

C3H404 

Oxidation  of  malic  acid. 

Succinic, 

C4H604 

Amber  (mccinum). 

Lipic,  . 
Adi  pic, 

C3H804 

C6H1004 

Oxidation  of  oleic  acid  (\tvog,  fat). 
"                      "           (adeps,fat). 

Pimelic, 

C7H1204 

(»r/tf  A/?,  /<&<). 

Suberic, 

cXX 

"              stearic  acid,  and  of  cork  (suber}. 

Anchoic,1 
Lepargylic,2  . 

}C9H1604 

"              Chinese  wax,  and  of  cocoanut  oil. 

Sebacic, 

C10H1804 

Distillation  of  oleic  acid. 

The  neutral  salts  of  the  acids  of  this  series  are  formed  by  the  dis- 
placement of  two  atoms  of  hydrogen  by  a  metal.  Thus,  neutral  succi- 
nate  of  potash  has  the  composition  C4(H4K2)O4. 

It  is  worthy  of  remark,  that  nine  acids  of  the  series,  CnH2rt02  (from 
acetic  to  capric  inclusive),  are  found  among  the  products  of  the  action 
of  nitric  acid  upon  oleic  acid. 

It  is  well  known  that  salad  oil  becomes  rancid,  and  exhales  a  dis- 
agreeable odor  after  being  kept  for  some  time.  This  appears  to  be  due 
to  a  fermentation  similar  to  that  noticed  in  the  case  of  palm  oil,  origi- 
nally started  by  the  action  of  atmospheric  oxygen  upon  albuminous 
matters  present  in  the  oil ;  the  neutral  fatty  matters  are  thus  partly  de- 
composed, as  in  saponification,  their  corresponding  acids  being  liberated, 
and  giving  rise  (in  the  case  of  the  higher  members  of  the  acetic  series, 
such  as  caproic  and  valerianic)  to  the  disagreeable  odor  of  rancid  oil. 
By  boiling  the  altered  oil  with  water,  and  afterwards  washing  it  with  a 
weak  solution  of  soda,  it  may  be  rendered  sweet  again. 

Almond  oil,  extracted  by  a  process  similar  to  that  employed  for  olive 
oil,  is  also  very  similar  in  composition  ;  but  colza  oil,  obtained  from  the 
seeds  of  the  IJrassica  oleifera,  contains  only  half  its  weight  of  oleine, 
and  hence  solidifies  more  readily  than  the  others. 

Colza  oil  is  largely  used  for  burning  in  lamps,  and  undergoes  a  pro- 
cess of  purification  from  the  mucilaginous  substances  which  are  extracted 
with  it  from  the  seed,  and  leave  a  bulky  carbonaceous  residue  when  sub- 


1  From  ayxu,  to  throttle,  from  its  suffocating  vapors. 
8  From  AcTrupyoj,  having  white  skin. 


FIXED    OILS. 

lation  in  tin-  wick  of  tin-   lamp. 
these,  tin-   oil  U  agitated    with   aboir  nt.  of  oil  of  vitriol,  which 

ruinous  substances,  bn-  fctooil  BUI 

When   the  carbonaceous  11  n   subsided,  the   oil   is  drawn 

washed  to  remove  the  acid,  and  filtered  tiir-.i.  ,al. 

the  seeds  of  the  tlax  plant.  i>  iniicli  i 

ill    olcine    than    any  of  the    foregoing,   exhibiting    no    s,,ljditicat ion    till 
Cooled  to  15  I  .  lielo w  r  --|H, int.      ltexhil.it-,.; 

in  a  far  higher  degree,  a  ten-lei  -olid  when  exposed  to  the 

which  has  acquired   for  it  the  name  of  a  •  .    Lira   ivnde: 

:  he  greatest  use  to  painters.     Tin-   solid  is  attended  with 

absorption  of  oxygen,  which  takes  place  so  rapidly  in  the  case  of  lin- 
oil,   that    -|"  combustion   has   lieen    known   to   t  in 

masses  of  rag  or  tow  which  have  been  smeared  with  it. 

The  tendency  of  linseed  oil  to  solidify  by  exposure  is  much  increased 
by  heating  it  with  about  ^th  of  litharge,  or  1l,-,th  of  binoxide  of  manga- 
nese; these  oxides  are  technically  known  a-  .  .v.id  oil  -o  treated 

tiled  /«,//,,/  linieedoiL     The  action  of  these  metallic  oxides  i- 
well  understood. 

The  strong  drying  tendency  of  linseed  oil  is  supposed  to  he  due  to  a 
the  olcine.  which  is  said   not  to  be  ordinary  olcine.  but  to 
furnish  a  different  acid.  .      lien  saponified.     When   lin- 

oil  is  exposed   for  some  time  to  a  hij;h   temperature,  it  become- 

•nid  is  used  in  this  state  for  the  preparation  of  printing  ink. 
If  the  viscous  oil  be  boiled  with  dilute   nitric  acid,  it  is  converted    into 
.  which  is  used   in   the   manufacture  of  -ui^ical    in- 
struments.    Tlii-    property  appears  to  be  c-  with   the   drying 
qualities  of  the  oil. 

'.obtained  from  t  lie  seeds  of  elds  a 

peculiar  acid  when  saponified,  terinc.l   r  II. «'   II  ,( >  j.  contain- 

ing one  more  atom  of  oxygen  than  oleic  acid,  which  r 
The  destructive  distillation  of  castoroil  \  II. (  'II    (l    . 

and  '    11  ,( > ),  and  by  distilling  it  wii  h 

caustic  potash   eaprylic  alcohol  i-  obtained.      As  in  the  i-a- 

olive  oil,  the  oattOT  oil,  which  is  expressed   from  the  w 

without  the  aid  of  heat,  is  mm  h   less  liable  to  become  ram  id.     Castor 
Oil  is  much  more  soluble  in  alcohol  than  any  other  of  the  fixed  oiU. 

The  various  Jltft  «//>,  such  as  seal  and  whale  oil,  aUo  consiM  chietly 
of  oleine,  and  appear  to  owe  their  disagreeable  od«'i  to  the  j. reduce  of 

n  volatile  acids,  such  as  Valeria 

Cod  :i|'|'eare  to  contain,  in   addit  imi  to  olcine  Inc.  a 

small  quant:'  '     !!    •'    .  which  yield-  id  an-l    i:lyc- 

1'u-d.     Some  o!  of  bile  ha\e  al-o  been 

li  well  as  minute  quantities  of  iodine  and  bromine. 
n  tains  about  two-thirds  of  its  weight  of  solid  fat.  which  oon- 
sists  in  great  part  of  margarine  (.«»•• 
\\hich    \irl.U    u'lycerin    and    /"'  II.'1    1 1  ,<  >  )    when   Mj 

••11  consists  chielly  of  o|, -inc.  ->ntaius  small 

.|uanlities  <.f  butyrine.  ca|  .  line,  which  \ield,  when  M] 

;  M.'    !l   •  •    .  and 

II. <      II    «  »  -tiicjiii-hed  for  their  d, 


le  compmiod  U  forned  which  rMembk*  wr-  H.  an.l 

It  h»»  her i.  r  an.l  mu.ty   MIL  ! 

.-    :  ,        '•-.::,     ,.x,.l.l(       :.       !   t.-..    -..:    .:.    •;   .     |.:,,,Ul,.-    ink 
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Fresh  butter  has  very  little  odor,  being  free  from  these  volatile  acids, 
but  if  kept  for  some  time,  especially  if  the  caseine  of  the  milk  has  been 
imperfectly  separated  in  its  preparation,  spontaneous  resolution  of  these 
fats  into  glycerin  and  the  volatile  disagreeable  acids  takes  place.  J$y 
salting  the  butter  this  change  is  in  great  measure  prevented. 

The  fat  of  the  sheep  and  ox  (suet,  or  when  melted,  tallow},  consists 
chiefly  of  stearine,  whilst  in  that  of  the  pig  (lard)  oleine  predominates  to 
about  the  same  extent  as  in  butter.  Margarine  (or  palmitine?)  is  also 
present  in  these  fats.  Benzoated  lard  contains  some  gum  benzoin,  which 
prevents  it  from  becoming  rancid, 

Human  fat  contains  chiefly  oleine  and  margarine  (or,  if  we  do  not 
admit  the  independent  existence  of  the  latter,  palmitine  and  stearine). 

Sperm  oil,  which  is  expressed  from  the  spermaceti  found  in  the  brain 
of  the  sperm  whale,  owes  its  peculiar  odor  to  the  presence  of  a  fat  which 
has  been  called  phocenine,  but  which  appears  to  be  valerine,  as  it3'ields 
glycerin  and  valerianic  acid  (H.C5H9O2)  when  saponified. 

The  beautiful  solid  crystalline  fat  known  as  spermaceti  or  cetine,  differs 
widely  from  the  ordinary  fatty  matters,  for  when  saponified  (which  is  not 
easily  effected),  it  yields  no  glycerin,  but  in  its  stead  another  alcohol 
termed  ethal  (C16H340),  which  is  a  white  ciystalline  solid,  capable  of 
being  distilled  without  decomposition. 

The  soap  prepared  from  spermaceti,  when  decomposed  by  an  acid, 
yields  palmitic  acid  (H.C16H3102),  (formerly  called  ethalic  acid),  to  which 
ethal  is  the  corresponding  alcohol. 

Palmitic  acid  and  ethal  are  formed  from  spermaceti  by  the  assimilation  of  the 
elements  of  water,  just  as  stearic  acid  and  glycerin  are  formed  from  stearine  — 


So?£tSS!' 


16H340 
Ethal- 


H.C16H3102. 
Palmitic  acid. 


Upon  the  compound  radical  theory,  ethal  would  be  represented  as  cetylic  hydrate 
)HO,  and  as  the  alcohol  of  the  cetyle  series,  running  parallel  with  the  ethyle 


(C16H 
series. 


The  following  characteristic  members  of  the  series  have  been  studied  : 


Ethyle  Series. 

Ethylene, 

C2H4 

Ether, 
Alcohol, 

(C2H5)20 
C2H5  HO 

Acetic  acid, 

C2H302H 

Acetic  ether, 

C2H5.(J2H30 

Cetyle  Series. 
Cetylene,          C16H32 
Cetylic  ether,  (C16H33)2O 
Ethal,  C16ti33.HO 

Palmitic  acid,  C16H31O2.H 


Chinese  wax,  the  produce  of  an  insect  of  the  cochineal  tribe,  is  analogous 
in  its  chemical  constitution  to  spermaceti.  When  saponified  by  fusion 
with  caustic  potash,  it  yields  cerotine  or  cerylic  alcohol  (C27tf55.HO), 
corresponding  to  ethal,  and  cerotic  acid  (H.C27H53O2),  corresponding  to 
palmitic  acid.  Cerotic  acid  is  also  contained  in  ordinary  beeswax, 
from  which  it  may  be  extracted  by  boiling  alcohol,  and  crystallizes  as 
the  solution  cools.  It  forms  about  two-thirds  of  the  weight  of  the  wax. 
Cerotic  acid  is  found  among  the  products  of  oxidation  of  paraffine  by 
chromic  acid. 

Beeswax  also  contains  about  one-third  of  its  weight  of  myricine 
(C^Hg./)^,  a  substance  analogous  to  spermaceti,  which  yields,  when  sapon- 
ified, palmitic  acid  and  melissine  (C^H^MO),  an  alcohol  corresponding 
to  ethal.  The  color,  odor,  and  tenacity  of  beeswax  appear  to  be  due 
to  the  presence  of  a  greasy  substance  called  ceroleine,  which  forms  about 


606 


PRBPARATION    OF    OXALIC    ACID. 


/.tli   «.f  the  wax,  and  has   n  :  illy  examim-l.     '1  ..••  'reewcucot 

Jap:  1 i 

i.ufaclurc  of  candles,  by  exposing  it  in  thin 
./.ing  acti<-  !,y  boiling 

it  with  nitrate  of  soda  and  sulphuric  acid.  Chlorine  also  bleaches  it, 
but  displaces  a  |M,rtion  of  the  hydrogen  in  tin-  \\:i\.  taking  its  place  and 
causing  the  evolution  of  h\  drochloric  acid  vapors  when  the  wax  is  burnt. 

neipal  fatty  bodies  and  their  corresj 
,  with  tli«-ir  tu-iiig-poinU : 


Neutral  Fata. 


nte 


Fwiiv 


Fatly  scids. 


Formula. 


1     .-:,..- 

,.„,.: 


Mmta  ' 

M,r_t::,,. 


<r|Uo. 


Tallow. 


Spenn»ce 
Beetwax. 


128°  to  15?o 

114°  to  145° 

116° 

u.;..«  H 

1200 

Ml 


claio; 


iv. 

Ill 
n- 

400 
144° 


VEGETABLE  ACIDS. 

414.  Osfil«  .]• "/. — This  ven  |",i^..ni»u^  acid  .M-CUI--  j.n-tty  aliunduiitly 
in  the  vegetable  kingdom,  being  found  in  the  leaves  of  the  wood  sorrel  as 
binoxalate  of  potash  (»aU  of  8on>l.  K  Ih  '  <  >4.A«|.).  in  the  sta 
i -liuliurli.  in  some  sea-weeds,  as  oxalate  of  soda,  and  in  lichens,  sonx  ..;' 
\vhich  contain  more  than  halfthcir  weight  of  ••\alati-  of  linn-.  (  Kalatc  «.f 
lime  has  al-o  ln-en  fmind  in  wooil.  hi  c.-rtain  unhealthy  conditions  of 
the  animal  frame,  oxalate  of  lime  is  produced,  lieinir  eit  -c.l  in 

the  urine,  <.r  forming  a  calculus  (//  in  the  bladder.      In 

such  eases  the  oxalic  acid  ap;  «  f«inned  in  c"ii>e«pience  of  an  im- 

perfection in  that  oxidi/inur  process  by  which  the  carhon  and  hydrogen 
of  the  various  parts  of  the  frame  are  finally  converted  into  carbonic  acid 
(CO,)  and  v  I  0),  the  production  of  oxaiioaoid  represent- 

.«•  penultimate  stage  of  that  process. 

ntains  a  considerable  iiuan:  tlic  acid  in  combination 

\vith  ammonia  and 

\Vit  h  the  exception  of  carltoii ie  acid,  no  carlx.n  compoiiml  i-  n»oiv 
inonly  met  \\ith  than  oxalic  acid,  as  a  product  of  the  action  ,.f  oxidi/in^ 
agents  upon  organic  substances,  especially  upon  tho>e  which  do  not  con- 
tain   nitio-.-n.  such   as  sugar  (CMIlnOu),  stan  h    ,i     II    ().),   and    woody 

.  in  elransin^  leather 

and  brass,  as  a  sol  vent   for  Trussian  blue  in  the  preparation  of  blue  ink, 
.id  for  taking  iron-mould  out  of  linen.      It  is  manufactured  on  tin- 
large  scale  lingsawdu^t  with  a  mixture  of  hjdrill  hand 
te  of  soda;  the  latter  would  n«.t  produce  oxalic  acid  uithoiit  the 
li\'liate    ..f  p. .lash,  and    this    alone    would    be   too  e\peii-i\e.       1   mol.  of 

ia  are  mixed  in  solution, 
which    should   i.  p.  jr.   I.:; .'..  made    into   a    thick    pa?»te    with 


and  palmtiioe  ar«  *aid  to  prevent  three  n. 
rvaiiou  appear  to  iodicau-  that  tb« M>^-alk-l  ,  :  |.»lm  M  rvally  cwutaiiu  ttearlae, 
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dust,  and  heated  upon  iron  plates  for  several  hours';  hydrogen  is  evolved, 
from  the  decomposition  of  the  water  in  the  alkaline  hydrates,  the  oxygen 
serving  to  convert  the  wood  into  oxalic  acid,  which  forms  more  than  one- 
fourth  of  the  weight  of  the  gray  mass  finally  obtained.  On  treating  this 
mass  with  cold  water,  a  quantity  of  oxalate  of  soda  is  left  undissolved ; 
this  is  boiled  with  hydrate  of  lime,  when  the  oxalic  acid  is  converted 
into  the  insoluble  oxalate  of  lime,  and  hydrate  of  soda  is  dissolved  ; 
the  oxalate  of  lime  is  then  decomposed  by  dilute  sulphuric  acid,  when 
the  sparingly  soluble  sulphate  of  lime  is  formed,  and  the  solution  yields 
crystals  of  oxalic  acid  (H2C2O4.2Aq.)  on  evaporation.  The  whole  of  the 
alkali  originally  employed  is  recovered  by  evaporating  the  liquors  to  dry- 
ness,  calcining  to  destroy  organic  matter,  and  decomposing  the  alkaline 
carbonates  with  hydrate  of  lime.  The  sawdust  yields  about  half  its 
weight  of  crystallized  oxalic  acid. 

Before  the  introduction  of  this  process,  oxalic  acid  was  sold  at  nearly 
twice  its  present  cost,  being  then  usually  obtained  by  the  action  of  nitric 
acid  either  upon  molasses  or  upon  starch-sugar1  (p.  524)  in  leaden  vessels, 
which  were. found  to  remain  unattacked  by  the  acid  as  long  as  any  sugar 
remained  unoxidized. 

For  experiment  on  the  small  scale,  oxalic  acid  maybe  prepared  by  gently  heating 
100  grains  of  starch  with  1%  measured  ounce  of  nitric  acid  (sp.  gr.  1  38),  when  abun- 
dant fumes  of  nitrous  acid  (N2O3)  will  indicate  the  deoxidathm  suffered  by  the  nitric 
acid.  When  this  has  abated,  the  solution  may  be  transferred  to  a  dish,  and  slowly 
evaporated  to  about  one-sixth  of  its  bulk;  on  cooling,  a  mass  of  beautiful  four-sided 
prismatic  crystals  of  oxalic  acid  will  be  obtained. 

The  crystals  of  oxalic  acid  may  be  represented  by  the  empirical  for- 
mula C2H606,  but  when  they  are  heated  to  212°  F.  they  lose  water,  melt- 
ing first,  if  the  heat  be  suddenly  applied,2  but  efflorescing  without  fusion 
if  heated  gradually.  The  dried  or  effloresced  oxalic  acid  has  the  coin- 
position  C2H204,  showing  that  2  mols.  of  water  of  crystallization  have 
been  expelled,  and  that  the  crystals  would  be  more  correctly  represented 
by  C2H2O4.2Aq.  On  neutralizing  oxalic  acid  with  potash  and  soda,  salts 
are  obtained  which,  when  dried  at  212°  F.,  have  the  composition  K2C2O4, 
and  Na2C2O4,  and  if  solutions  of  these  salts  be  precipitated  by  nitrate 
of  lead  or  of  silver,  the  oxalates  of  lead  (PbC2O4)  and  of  silver  (Ag2C204) 
are  obtained.  If  the  dried  acid  be  heated  to  about  320°  F.,  it  sublimes 
in  crystals,  but  above  that  temperature  it  is  decomposed  into  water,  car- 
bonic acid,  carbonic  oxide,  and  some  formic  acid  (see  p.  591).  When 
heated  with  dehydrating  agents,  such  as  sulphuric  acid,  it  is  also  decom- 
posed into  carbonic  acid  and  carbonic  oxide  (p.  1 19). 

Oxalic  acid  is  rather  sparingly  soluble  in  cold  water,  requiring  about 
nine  times  its  weight ;  hot  water  dissolves  it  more  abundantly,  and  it  is 
moderately  soluble  in  alcohol.  The  aqueous  solution  is  intensely  acid, 
more  nearly  resembling  the  strong  mineral  acids  than  one  of  vegetable 
origin,  and  is  exceedingly  poisonous,  a  property  which  is  the  more  dan- 
gerous on  account  of  the  resemblance  of  the  crystallized  oxalic  acid  to 
Epsom  salts  (sulphate  of  magnesia),  from  which,  however,  it  may  be 
readily  distinguished  by  its  sour  taste  and  by  the  action  of  heat,  which 
entirely  dissipates  the  oxalic  acid,  but  only  expels  water  from  Epsom 
salts.  Fortunately,  a  considerable  quantity  of  the  acid  is  required  to 

1  Hence  the  common  name,  acid  of  sugar. 

3  By  suddenly  heating  the  crystals  with  a  lamp  in  a  test-tube,  much  of  the  acid  may  be  sublimed 
in  long  prismatic  crystals. 
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cause  death,  in  ordinary  cases  100  grains  or  in-  chemical  anfi- 

dote  empl  hrilk   suspended  in  \\ater.  the 

•!'  tin-   chalk  combining  «'ith  the  acid  to  form  tin-  insoluble  and 
harmless  •.  lO.CjO,).     Tin -insolubility  of  the  oxalate 

of  lime  renders  tin-  oxalic  arid  one  of  the  most  delicate  tests  for  lime, 
which  ietected.  for  example,  in  ciimni'in  water.  l,y  adding  oxalic 

acid  and  a  slight  tZ06M  of  ammonia,  when  a  white  cloud  of  oxnlate  of 
lime  is  produced.  Conversely,  ot  'course,  salts  containing  calcium  (.  -hlo- 

:  calcium,  for  instance)  may  be   employed  to  detect  oxalic 
th«-  precipitated  oxalate  of  lime  being  distinguished  from  other  similar 

bet  b\   its  insolubility  in  acetic  n< 

As  might  be  expected  from  its  composition  (C,HtO4),  oxalic  acid   is 
easily  «  I  into  carbonic  acid  and  water  by  oxidizing  agents  .  thus, 

it'  a  hot  solution  of  oxalic  acid  In-  poured  upon  powdered  binoxide  of 
manganese,  violent  effervescence  takes  place  from  the  rapid  evolution 
of  carbonic  acid. 

•tie  of  potash  ( K  1 1 <  <  >  .II,O)  is  sold  under  the  names  of  salt 
of  sorrel  And  essential  salt  <./  /,,,,/ms,  and  is  employed  for  the  -ame  pur- 
poses as  oxalic  acid.  It  is  a  sparingly  soluble  salt,  requiring  HI  parts 
of  cold  water  to  dissolve  it,  and  has  occasionally  caused  accidents  by 
being  mistaken  for  cream  of  tartar  (bitartrate  of  potash),  from  which  it 
is  readily  distinguished  by  the  action  of  heat,  which  chars  the  bitartrate, 
I. ut  not  the  binoxalate,  an  alkaline  mass  containing  carbonate  of  potash 
being  left  in  both  cases. 

Qua  potatft  (KH  •_'( '(>,.!>  11,0)  is  also  sometimes  sold  as 

salts  of  lemon  ;   it  i-  even  le»s  soluble  than  the  binoxalate. 

\  I!      '     '  -  .11  <  >).s..  much  used  in  chemical  analy- 
sis as  a  precipitant  for  lime,  is  obtained  1>\   mixing  solution  of 
a<id  with|a   slight   excess  of  ammonia,  and   evaporating  the    solution, 
ii«m  \vhich  the  oxalate  of  ammonia  cry^talli/es.  on  cooling,  in  tin< 
matic  needlo. 

The  action  of  heat  upon  this  salt  has  been  described  •( 

Ag,C,O4)  is  obtained  as  a  white  precipitate  \\hen  ni- 
•  i  -liver  is   added  to  oxalate  of  ammonia.     I*  n-kable  for 

being  decomposril.  with  a  sli^'lit  explosion,  when  heated  in  the  drv  state, 
her  being  lea,  Ag,C,O4  =  Agt  -f  2CO,. 

415.  f.     The   most  important  of  the  vegetable  acids  is 

tartaric  a.  i  i  «  II  (>  >  which  occurs  in  many  fruits,  but  more  especially 
in  the  urape.  the  juice  of  which  deposits  it.  during  fermentation,  in  the 

•:ish.  which  i-   kimwn  in  commerce  M 

This  salt  dissolves  with  ditlicnlty  in  cold  water,  but  may  be  dis- 
;  in  boiling  wat.-r.  frojn  which  it  crystalli/es  in  |(ii-iii-  .-n  c..oliuur. 
When  '  .  it  is  known  as  crt  .  and  has  the  compo- 

sition Kll(  -ut ing  tartaric  acid  in  which  one  atom  of  hydro- 

gen  has    I-  \    potassium.      The  solution  of  t  his   s:l|t   [j 

to  test-papers,  ami  if  it    be   neutrali/ed  with   potash   and 

ilt.  havin-j  the  composition   K  '  '  ll(<  >  . 

i  'artar  beiu_u'  a 

The  •  : 

In  order  to  j-i.  i.  which  is  lanrely  iise.l  in  dyeing  and 

.•heimpii!  :ite  of  po1  .;l«-d  \\ith  water,  aipl 

it  ot  this  change  is  the  for- 
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mation  of  tartrate  of  lime,  which  is  insoluble,  and  tartrate  of  potash, 
which  dissolves  in  the  water — 

2(KHC4H406)     +     2(CaO.C02)     = 

Bitartrate  of  potash.  Carbonate  of  lime. 

K2C4H406     +     CaC4H406     +     H20     +     2C02. 

Tartrate  of  potash.        Tartrate  of  lime. 

Chloride  of  calcium  is  then  added  to  the  mixture,  which  converts  the 
whole  of  the  tartaric  acid  into  the  insoluble  tartrate  of  lime — 

K2C4H406     +     CaCl2    =    2KC1     +     CaC4H4O6. 

The  tartrate  of  lime  is  strained  off,  washed,  and  boiled  with  diluted  sul- 
phuric acid,  when  sulphate  of  lime  remains  undissolved,  and  tartaric 
acid  may  be  obtained  in  crystals  by  evaporating  the  filtered  solution — 

CaC4H406     +     H2O.S03    ==     H2C4H406     +     CaO.S03. 

Tartrate  of  lime.  Tartaric  acid. 

Large  transparent  prisms  are  thus  obtained,  which  are  soluble  in  about 
three-fourths  of  their  weight  of  hot  water.  When  kept,  the  solution, 
unless  very  strong,  deposits  a  curious  fungoid  growth,1  and  acetic  acid 
is  found  in  it.  When  heated  to  about  340°  F.,  the  crystals  fuse  without 
loss  of  weight ;  but  on  examining  the  fused  mass,  it  is  found  to  be  no 
longer  tartaric  acid,  but  a  mixture  of  two  new  acids.  One  of  these, 
metatartaric  acid,  has  the  same  formula  as  tartaric  acid  (H2C4H406),  but 
cannot  be  crystallized.  Its  salts  are  more  soluble  in  water  than  the 
tartrates,  and  are  converted  into  the  latter  when  boiled  with  water.  The 
other  acid,  isotartaric,  is  also  uncrystallizable,  but  has  the  formula 
(HC4H506).  The  isotartrate  of  potash  (KC4H.06)  has  the  same  compo- 
sition as  the  bitartrate  (KHC4H4O6),  but  is  far  more  soluble.  It  is  con- 
verted into  that  salt  by  boiling  with  water. 

At  374°  F.,  tartaric  acid  loses  water,  and  is  converted  into  tartaric 
anhydride  (C8H80]0),  which  is  a  white  insoluble  substance,  convertible 
into  tartaric  acid  by  prolonged  contact  with  water. 

Tartar  Emetic. — One  of  the  commonest  salts  of  tartaric  acid  is  tartar 
emetic,  the  double  tartrale  of  antimony  and  potash,  which  is  prepared 
by  boiling  antimony  with  sulphuric  acid,  driving  off  the  excess  of  acid 
by  heat,  and  digesting  the  residual  teroxide  of  antimony  with  cream  of 
tartar  and  a  little  water  for  some  hours.  The  changes  involved  in  the 
process  are  thus  represented — 

Sb2     +     3(H2O.S03)  Sb2O3     +     3H2O     +     3SO2 

Sb203     +     2KHC4H406  2(K.SbO.C4H406)     +     H2O. 

Bitartrate  of  potash.  Tartar  emetic. 

On  boiling  the  mixture  with  water  and  filtering,  the  cooled  solution  de- 
posits octahedral  crystals  of  the  formula  2(K.SbO.C4H4O6).Aq. 

The  water  of  crystallization  may  be  expelled  at  212°  F.;  and  if  the 
salt  be  heated  to  400°  F.,  it  loses  an  additional  molecule  of  water,  and 
becomes  K.Sb.C4H2O6,  which  is  reconverted  into  tartar  emetic  when  dis- 
solved in  water. 

When  a  little  hydrochloric  acid  is  added  to  a  solution  of  tartar  emetic,  a  precipi- 
tate of  teroxide  of  antimony  is  formed,  which  dissolves  easily  in  an  excess  of  the  acid. 

1  This  fungus  has  been  found  to  contain  3.5  per  cent,  of  nitrogen. 
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If  kej  •  ,'th  of  tinif  in  -tulution,  t  is  decomposed,  ocUhedral 

•it«l,  and  the  solution  ceases  to  be  pre- 

•  1  hy  hyilr.  ly  acid, 

is  now  slightly  alkaline. 

Compounds  peit'eetly  analog, u-  lie   have  been  obtained. 

in  \\hichthe  antinioin  i^  replaced  by  boron  or  by  arsenic,  and  tin-  pota— 
.siiiui  by  silver,  lead,  or  .sodium. 

It  \\ill  In-  obsi-m'd  that  tan  anomaly  in  its 

,u,  f..r  it  iiii^ht  I..  .     The  compo- 

sition  of  tin-   tarta:  rir.l   at  400°  F..  niL'lit    IK-  1  with 

.  -talli/ed  tartaric  a<  .itiim  it  thus,  •  I(")O€1 

-talli/ed  tartaric  acii   (    II  l(     In  which  one  Atom  of  hydrogen 
has  been  replaced  by  potassium,  and  three  atoms  by  the  triatomic  anti- 

The  beautiful  prismatic  crystals  known  as  Rochelle  salt  consist  of  a 
double  tartrate  of  potash  and  soda  (KNaUJI  ,),  prepared  by 

neutralizing  cream  of  tartar  \\\\\\  (  arbonate  of  soda. 

Tartaric  acid  has  been  obtained  artilu  ially  by  the  action  of  nitric  acid 
upon  sugar  of  milk  or  gum,  which  supplies  a  link  of  connection  between 
id  and  the  members  of  the  sugar  group  which  accompany  it  in 
plants. 

Tartaric  acid  is  ea-ily  c..n \vrtible  into  succinic  and  malic  acids,  as 
might  be  anticipated  from  an  inspection  of  their  formulae — 

Tartaric  acid,     ....     H,C4H4Og 
Uittc  :  .        .        .       .     II  «    : 

Succinic  ftd<  .          .          .      II  <  '(H4O4. 


When  tartaric  acid  is  heated  with  phosphorus  and  iodine  in  the  presence 
of  water  (or,  which  amount-  to  the  same  tiling,  "hen  it  is  heated  with 
hydi  iodic  acid),  the  acid  is  deoxidized,  and  malic  and  succinic  acids  are 
produced. thus — 

IIC.H.O,    +    4111  H.C.H.O.    +     I,    +    2H,0. 

Tartaric  n  Succlnk-  acid. 

Tartaric  and  malic  acids  are  frequently  associated  in  fruits,  and  io< 
s  found  among  the  products  of  fermentation  of  gra 

d  into  tartaric  acid  by  heating  it  with 
ud  water,  when  it  is  converted  into  bibromosuccini 

which   funiMn -s  tartaric  acid  when  decomposed   with 
e  of  silver — 

+     Ag,0    +     H,0    =    H,C4H40,    +     2AgBr. 

Id.  Tartaric  add. 

lu-oiiiosticeinic  a. 'id.  II .C4(H,Br)O4,  is  decomposed  with  o\ id.    ,,r 
•  •r,  malic  acid  is  formed — 

JIM    <H3Br)04  +   3Ag,0   ==  2Ag,C4H4Os    -f    2AgIJr    -f     H.CX 

M,..r.     .;    -..-  , 


The  UrUr                                      ipos  is  accompanied,  particularly  in  those  of 

vintages  ai 

has  the  same  composition  as  in  witli  u  n 

of  wat«-r      II  «  ,!!/  '     I             .  M  of  thw  • 

the  crystals  of  rn<  l'«»ofwat>                   ,  (, .,..-.!  t«.  • 

turtaric  acid  unleM  it  bo  previously  neutralized.     Moreover,  although  r 
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forms,  with  potash  and  oxide  of  antimony,  a  salt  corresponding  in  composition  to 
tartar  emetic,  this  does  not  crystallize  in  octahedra,  but  in  tufts  of  needles. 

There  is  a  marked  difference  in  the  action  of  these  two  acids  and  their  salts  upon 
polarized  light,  for  solutions  of  racemic  acid  and  the  racemates  do  not  alter  the 
plane  of  polarization,  whilst  tartaric  acid  and  the  tartrates  rotate  it  to  the  right. 

On  carefully  examining  the  crystalline  forms  of  the  tartrates,  Pasteur  observed 
that  they  generally  presented  an  exception  to  that  law  of  crystalline  symmetry 
which  requires  that  a  modification  existing  on  any  edge  or  face  of  a  crystal  should 
be  repeated  on  all  its  other  similar  edges  or  faces,  whereas  in  the  crystal's  of  the  tar- 
trates, certain  of  the  edges  are  truncated  without  any  corresponding  modification  of 
the  others,  and  hemihedral  forms  are  thus  produced.  Now,  in  general,  it  is  found 
that  if  a  substance  forms  hemihedral  crystals,  their  hemihedrism  is  of  such  a  charac- 
ter that  they  can  be  superposed  upon  each  other,  so  that  the  united  crystals  shall 
exhibit  a  perfect  symmetry  upon  each  side  of  the  plane  of  junction  ;  but  the  hemi- 
hedrism of  the  tartrates  is  such,  that  the  crystals  do  not  exhibit  this  symmetry  when 
superposed  upon  each  other,  but  when  one  is  superposed  upon  the  reflection  of  the 
other  in  a  mirror,  so  that  instead  of  presenting  crystals  which  are,  as  usual,  partly 
right  and  partly  left-handed  in  their  want  of  symmetry,  the  crystals  of  the  tartrates 
are  either  all  right-handed  or  all  left-handed  hemihedral  crystals. 

When  the  action  of  solutions  of  these  salts  upon  polarized  light  came  to  be 
examined,  it  was  found  that  the  right-handed  crystals  always  rotated  the  plane  of 
polarization  to  the  right,  whilst  the  left-handed  crystals  produced  a  left-handed 
rotation. 

On  separating  the  acids  from  these  salts,  they  resembled  each  other  precisely  in 
all  their  chemical  properties,  but  the  acid  from  the  right-handed  salts  furnished 
crystals  which  were  hemihedral  right-handedly,  whilst  that  of  the  left-handed  salts 
furnished  left-handed  hemihedral  crystals  ;  moreover,  the  solution  of  the  right- 
handed  acid  exerted  a  right-handed  rotation  upon  the  plane  of  polarization,  which 
was  turned  in  the  opposite  direction  by  a  solution  of  the  left-handed  acid. 

The  former  acid  has  been  named  dcxtro-tartaric  acid,  and  is  the  usual  form  in 
which  this  acid  is  met  with  ;  the  other  acid  has  been  called  la?vo-tartaric  acid.  In 
their  chemical  relations  these  acids  are  perfectly  identical;  for  the  chemist  they  are 
both  the  same  tartaric  acid,  equally  well  adapted  for  all  the  uses  to  which  this  acid 
is  applied. 

Pasteur  found  that  the  double  racemate  of  soda  and  ammonia  furnished  a  crop  of 
crystals  containing  both  right-handed  and  left-handed  hemihedral  forms,  and  on 
separating  them  by  hand,  he  found  that  the  action  of  their  solutions  on  polarized 
light  corresponded  with  their  hemihedrism,  and  on  isolating  the  acids,  the  right- 
handed  crystals  furnished  dextro-tartaric,  the  left-handed,  hevo-tartaric  acid. 

This  analysis  of  racemic  acid  was  soon  confirmed  by  its  synthesis.  On  mixing 
concentrated  solutions  of  equal  parts  of  dextro-tartaric  and  kevo-tartaric  acids,  a 
considerable  rise  of  temperature  was  observed,  showing  that  combination  had  taken 
place,  and  the  solution,  which  had  no  longer  the  power  of  rotating  the  plane  of 
polarization,  furnished  crystals  of  racemic  acid. 

This  remarkable  instance  of  chemical  combination  between  two  acids  which  are, 
in  their  chemical  properties,  perfectly  identical,  to  furnish  a  new  acid  differing  from 
both,  affords,  by  analogy,  some  support  to  the  theory  of  the  duplex  constitution  of 
many  elementary  and  compound  bodies. 

41 T.  Citric  Acid  (C6H8O7)  occurs  in  lemons,  oranges,  and  most  acidu- 
lous fruits.  It  is  prepared  from  lemon-juice,  which  contains  the  acid  in 
a  free  state,  by  neutralizing  it  with  chalk,  when  the  citrate  of  lime 
(Ca32C6H507)  is  obtained,  which  is  decomposed  by  dilute  sulphuric  acid  ; 
the  filtered  solution,  when  evaporated,  yields  prismatic  crystals  of  citric 
acid,  which  contain  C6H8O7.Aq.  They  fuse  at  212°  F.,  and  lose  the 
water  of  crystallization.  From  the  formula  of  the  citrate  of  lime,  it  will 
be  seen  that  citric  acid  is  tribasic,  and  should  be  written  H3.C6H507 ; 
hence,  like  ordinary  phosphoric  acid,  it  forms  three  series  of  salts.  The 
citrates  of  soda,  for  example,  have  the  composition — 

2(Na,CfiH.O.),  llAq. 
Na,HC6rI56rAq. 
NaH2C6H507.Aq. 
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to  arid  is  heated  above  30" 
acid  (II  <    II  <>,),  another  vegetable  acid  found  in  the  .1;  :ietie«, 

arid   i-  .  m|.loyi  -d  in  dyeing  and  calico-print  ing,  as  well  as  in 
medii 

•  •ntnct  with  yu  i  into  acetate 

with  evolution  -  :iy-lr..i;.-ri 

citrate  of  linn-  pr.-pan-d  in  Sicily.  and  acid,  is 

found  sometimes  to  undergo  this  change  spontaneously,  so  that  it  has  been  recom- 

•   t  ••  DMtn  witli  carbonate  of  magnesia  (which  is 

.    .  wh«-n  tlf  minute 

crystals.     By  dissolving  this  precipitate  in  a  fred,  N  inon-ju 

Uing,  the  t  is  obtained  in  crystal-  rocom- 

•1  a»  the  beft  form  in  which  to  import  tin-  :•  .-itr\. 

418.  Malic  Acid  (  1  1  I'.M.O.)  is  a  crystalline  arid  found,  as  its  name 
implies,  in  apples,  ami   in   many  other  fruits.      It    i>    pre-ent.  toother 
withoxalir  arid,  in  rhubarb.     Tobacco-leaves  also  contain  it  in  th 
of  bimalate  of  lime,  Ca  II  _'  <  '  I  I  ,O4. 

In  order  t<>  <-xtract  the  malic  acid  from  rhubarb-stalks,  it  is  converted  into  mutate 

of  lime,  the  solubility  «»f  \\  I  -  it  to  !»•  >. 

and  tartrutr  of  1:  juice  is  saueezed  out  of  the  stalks  by  a  pres*, 

n  i-u  tritli  /.••(!  with  slaked  lime  suspended  in  water,  ami  chloride  of  i-alcium  i- 


Th«-  jireeipitate.  contiiinini;  tartnite,  i-itrate.  ph«-.ph:it,-.  an<l  •• 
i-tr,  mid  the  liijuid  l««i!- 

is  washed  and  addod  to  h-t  nitric  acid,  diluted  with  ten  moasurefl  of  water,  as  long 
•:tinues»  to  be  dissolved.     On  <•,,..  lin^.  I.  inflate  of  lime  is  deposited,  which  is 
dissolv  r  and  decomposed  by  :.  ad,  when  it  i;iv.--  a 

•(^I^Oi-BAq.),  whirl,  rystalline  on 


rhi-  liquid  Iwlow  the  ;  ••  of  boiling  wat<  ;.i-ndini;  th" 

malate  of  1.  -ad  in  water,  an<l  •  with  liydro-ulphuric  a<M<l,  the  lead  is 

separated  as  sulphide,  and  a  solution  of  malic  acid*  is  obtained,  which  u'ivesdeli- 

-tal.-  t'f  the  arid    wi, 
Slalic  acid  i»  discomposed  by  heat  into  •  and-,  the  mnlcrif  HI 

•lie  latter  is  found  in  the  plant  known  as  fmn  i  t<>  ry  (Fwnaria  offi. 

xcellcnt  source  of  malic  acid  is  the  juice  of  thr  nnripr  ).<  -rries  of 
•untain  ash,  in  which  it  is  :»•  led  by  a  volatile  «»ily  acid  ««f 

pungent  aromati    odor;  this  has  been  called  /  /.  and   lias 

the  formula  HCgHyOj.  When  tu^-d  with  hydrate-  «»f  puta-h.  «»r  l.uilrd 
with  a  strong  mineral  acid,  it  suffers  a  ivmurkuMr  .•..nv.-i--i-.n  into  a 
crystalline  solid  acid,  having  precisely  the  same  composition.  rallr>l 
sorbic  acid. 

Under  thr  influence  of  yeast,  in  thr  j.rrsrnrr  of  water,  malate  of  lime 
is  coim-rtrd  into  Mirrinatr  and  acetate  of  lime  — 

3(H,C4H4Ot)    =    I  ll«    ||,,  IM^H.O,   +    2CO,    +    H,0. 

Malic  acid.  Boecinic  add.  Aortic  acid. 

le  of  malic  a  i>      -ualate   of  annnonia. 

ie  same  composition   as  a-, 

traded  fn.in  t!  :  mallow  root,  and  some  other 

plants;  l»ti  Miough  a^j  .  \>ln-n  a- 

l.\   nit  ion.  arid,  yields  malic  acid  — 

r,IIN<>  N,.  II  rim  11,0    +     N. 


Asparagine  is  really  the  amid.-  ,,f  anoihrr  arid,  the  oq          .      to  the 
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ammonia-salt  of  which  it  becomes  converted  when  heated  for  some  time 
with  water — 

C4H8N,08    +     H20     =     (NH4)C4H6N04. 

Asparagine.  Aspartate  of  ammonia. 

419.  Tannic  acid,  or  tannin  (C27H22017),  the  astringent  principle  of 
gallnuts,  from  which  it  may  be  extracted  by  water,  is  characterized  by 
two  very  useful  properties,  viz,  by  yielding  a  black  precipitate  with  the 
salts  of  peroxide  of  iron,  and  by  forming  a  tough  insoluble  compound 
with  gelatine  and  gelatigenous  membrane,  the  first  being  turned  to  ac- 
count in  the  preparation  of  ink,  and  the  second  in  that  of  leather. 

For  the  preparation  of  ink,  three  quarters  of  a  pound  of  bruised  nut- 
galls  are  digested  in  a  gallon  of  cold  water,  and  six  ounces  of  green 
vitriol  (sulphate  of  iron)  are  added,  together  with  six  ounces  of  gum, 
and  a  few  drops  of  creasote.  The  mixture  is  set  aside  for  two  or  three 
weeks,  being  occasionally  agitated,  and  the  ink  afterwards  poured  off 
from  the  undissolved  part  of  the  nutgalls. 

Pure  sulphate  of  iron  (FeO.SO3)  and  tannic  acid  might  be  mixed 
without  change ;  but  when  the  mixture  is  exposed  to  the  air,  oxygen  is 
absorbed,  converting  the  protoxide  of  iron  (FeO)  into  sesquioxide 
(Fe2O3),  which  combines  with  the  tannic  acid  to  form  a  black  precipitate 
of  tannate  of  sesquioxide  of  iron,  the  exact  composition  of  which  is  not 
known.  The  gum  is  added  to  render  the  liquid  viscous,  so  as  to  prevent 
the  subsidence  of  the  black  precipitate,  and  the  creasote  prevents  the 
ink  from  becoming  mouldy.  The  brown  color  of  the  ink  in  old  manu- 
scripts is  due  to  the  tannic  acid  having  been  partly  removed  by  oxida- 
tion, leaving  the  brown  peroxide  of  iron  ;  the  stain  of  iron-mould  left  by 
ink  on  linen  after  washing  is  due  to  the  entire  removal  of  the  tannic  acid 
by  the  alkali  in  the  soap. 

Tanning — When  infusion  of  nutgalls  is  added  to  a  solution  of  gela- 
tine, the  latter  combines  with  the  tannic  acid,  and  a  bulky  precipitate  is 
obtained.  If  a  piece  of  skin,  which  has  the  same  composition  as  gelatine, 
be  placed  in  the  infusion  of  nutgalls,  it  will  absorb  the  whole  of  the 
tannic  acid,  and  become  converted  into  leather,  which  is  much  tougher 
than  the  raw  skin,  less  permeable  by  water,  and  not  liable  to  putrefaction. 

The  first  operation  in  the  conversion  of  hides  into  leather,  after  they 
have  been  cleansed,  consists  in  soaking  them  for  three  or  four  weeks  in 
pits  containing  lime  and  water,  which  saponifies  the  fat,  and  loosens  the 
hair.  The  same  object  is  sometimes  attained  by  allowing  the  hides  to 
enter  into  putrefaction,  when  the  resulting  ammonia  has  the  same  effect 
as  the  lime.  The  loosened  hair  having  been  scraped  off,  the  hides  are 
soaked  for  twelve  hours  in  water  containing  ToVotn  °f  sulphuric  acid, 
which  removes  adhering  lime,  and  opens  the  pores  of  the  skin,  so  as  to 
fit  it  to  receive  the  tanning  liquid. 

The  tanning  material  generally  employed  for  hides  is  the  infusion  of 
oak-bark,  which  contains  quercitannic  acid,  very  similar  in  properties  to 
tannic  acid.  The  hides  are  soaked  in  an  infusion  of  oak-bark  for  about 
six  weeks,  being  passed  in  succession  through  several  pits,  in  which  the 
strength  of  the  infusion  is  gradually  increased.  They  are  then  packed 
in  another  pit  with  alternate  layers  of  coarsely  ground  oak-bark  ;  the  pit 
is  filled  with  water,  and  left  at  Vest  for  three  months,  when  the  hides  are 
transferred  to  another  pit,  and  treated  in  the  same  way ;  but,  of  course, 
the  position  of  the  hides  will  be  now  reversed — that  which  was  upper- 
most, and  in  contact  with  the  weakest  part  of  the  tanning  liquor,  will 
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DOW  beat  the  bottom.      A  Her  the  I:ip-e  of  another  three  nioiit  h-  I  he  hide 

ned    throughout,  :i  section  ^  of  a 

nnii'.i-ai  brown  color.  It  has  now  increased  in  weight  from  :;<>  t<>  in  per 
cent.  The  chemical  part  of  tin-  process  being  now  completed,  'he  h-atlier 
J0  subjected  to  certain  mechanical  operations  t" 

the  thinner  kinds  of  leather,  soch  as  a  a  sub- 

stance called  *»<  .  \\hich  « onsists  of  tin-  ji"imd  shoots  ot  the 

•ntaiiu  a  large  proportion  of  tennie  a< 

•  u>d  sheep  skins,  which  are  denuded 

of  li:nr  by  limhi'j  in  tin-  usual  way,  hut  tin-  adhering  Hme  is  afterwards 
means  of  a  bath  of  sour  bran  or  flour.     In  or.],  r  to  ':m  the 
•••I,  it  is  sewn  ti|>  in  the  I  MIII  of  a  bag,  which  is  lille<l  with 
infu-ion  (,{'  sumach,  and  allowed  to  so:ik  in  a  vat  of  the  infusion  for  -OMH- 
hours.    A  repetition  of  tin-  pro»  -ess,  with  a  stronger  infusion,  is  necessary; 
but  the  whole  operation  is  complete.!   in  t  :   hour-.     Th« 

are  now  washed  and  <1\-  •    in  the  case  of  red  inoi,,«co.  which  is 

dyed  In-fore  tanninL:,  l.\  steeping  it  first  in  alum  or  chloride  of  tin,  as  a 
mordant,  and   afterwards  in    infusion  of  cochineal.     Black  inon- 
dyed  with  acetate  of  iron,  which  acts  upon  the  tannic  acid.     The  aniline 

are  now  mm-h  employed  for  dyeing  morocco. 

The  /  ///  of  which  glove?  are  made  is  not  actually  tanned,  but  >til»mit- 

an  elaborate  operation  calle  ,.  the  chief  chemical  features 

of  which  are  the  removal  of  the  excess  of  lime,1  and  openini:  the  pores  of 

ails  of  a  sour  mixture  of  bran  and  water,  in  which  la<-tic 

acid  i-  the  ai:«-nt  ;  and  t!  /lent  impregnation  of  the  porous  skin 

with  chloride  of  aluminum,  by  steeping  it  in  a  hot  bath  containing  alum 

•  mmon  salt.     The  skins  are  afterwards  softened  by  kneadii. 
mixture  containing  alum,  flour,  and  the  yolks  of  eggs.     The  pn1 
tion  of  the  skin  is  as  effectually  prevented  by  the  chloride  of  aluminum 
• 

are  not  tanned,  DQi 

sists  in  sprinkling  the  prepared  skins  with   oil,  folding  them  up  and 

then    under  heavy   wooden   hammers  for  two  or  three   hours. 

When   the  grease  has  been  well   forced    in.  they  are  exposed    in  a  warm 

atmosphere,  to  promote  the  drying  of  the  oil  by  absorp1  xygen 

•cesses  having  been  repeated  the  requisite  nun 

times,  the  excess  of  oil  is  removed  by  a  weak  alkaline  bath,  and  the 
skin-  are  dried  and  rolled.      The   bull'  color  of  wash-leather  is  in. 
by  a  weak  infusion  of  sumach. 

Par  le  by  stretching  lamb  or  goat  skin  upon  a  fran 

_'  the  hair  by  lime  and  .  a-  u-ual.  and  afterwards  rubbing 

.  until  the  pr«prr  thickness  is  anpiii- 

•  ••id.   like   many   other  prox;  of  vegetables 

-,  when  boiled  with  diluted  sulphuric  acid.  \  i.  -ugar, 

whilst  a  new  acid  may  be  obtained  from  the  solution,  which  i-  Known  as 
gallic  acid.'— 

CBHB01T    +    5H,0    =     :<    Hos)     +     C.Hl4Or 

Tannk  acid. 
The  addition  of  dilute  sulphuric  acid   to  the  infusion  of  gallnut- 

vMilphtd«orMdlaaiMMl(«lelomaretomea>i«en.  i.iir. 

•rid  U  >o»luffou. 

.»  tljr  H  uiin 


GALLIC    ACID.  617 

duces  a  precipitate  composed  of  tannic  and  sulphuric  acids,  but  this 
dissolves  when  boiled  with  excess  of  sulphuric  acid,  suffering  the  above 
change. 

420.  Gallic  Acid  (II3CTH.,O5)  is  also  formed  by  the  oxidation  of  tannic 
acid  when  exposed  to  the  air,  particularly  in  the  presence  of  the  mat- 
ters associated  with  it  in  the  gallnut,  which  seem  to  act  like  the  fer- 
ment in  the  quick  vinegar  process  (p.  521).  The  method  generally  prac- 
ticed for  obtaining  gallic  acid  consists  in  exposing  powdered  nutgalls 
in  a  moist  state  to  the  action  of  the  air  for  some  weeks,  in  a  warm  place, 
when  oxygen  is  absorbed,  and  carbonic  acid  evolved,  the  powder  be- 
coming covered  with  crystals  of  gallic  acid  (tannic  acid  does  not  crys- 
tallize). By  boiling  the  mass  with  water,  the  gallic  acid  is  extracted, 
and  since,  unlike  tannic  acid,  it  is  very  sparingly  soluble  in  cold  water, 
the  greater  portion  crystallizes  out  as  the  solution  cools,  in  long  silky 
needles,  containing  C.H6O5.Aq. 

In  this  process  another  acid  is  obtained  in  small  quantity,  which  is 
insoluble  in  water,  and  has  been  called  ellagic  acid  (HC7H204)  ;  it  pos- 
sesses some  interest,  because  it  is  found  as  a  product  of  animal  life  in 
certain  intestinal  concretions  or  bezoars,  occur.ring  in  the  antelopes  of 
Central  Asia.1 

In  most  astringent  substances  a  small  quantit}7  of  gallic  acid  accom- 
panies the  tannic. 

Gallic  acid  dissolves  in  oil  of  vitriol  with  a  red  color,  and  when  the 
solution  is  poured  into  water,  a  red-brown  precipitate  is  obtained,  called 
rufigallic  acid  (C.H6O5),  which  is  interesting  from  its  property  of  dye- 
ing calico  red,  if  previously  mordanted  with  alum. 

When  powdered  nutgalls  are  heated  in  an  iron  pan  surmounted  with 
a  cone  of  paper  (see  benzoic  acid,  p.  502)  to  about  420°,  a  quantity  of 
crystals  sublime  into  the  cone,  which  are  pyrogallic  acid  (C,.H6O3),  or, 
more  properly,  pyrogalline,  for  it  is  doubtful  whether  it  is  really  an  acid 
substance. 

Its  formation  from  the  tannic  acid  of  the  galls  is  explained  by  the 
equation  — 

C27H22017  (Tannic  acid)      -\-       H20      =       4(C6H603)  (Pyrogallic  add)      +      3CO.2. 

As  its  name  implies,  this  acid  may  also  be  obtained  by  the  action  of 
heat  upon  gallic  acid,  which  suffers  a  similar  decomposition.2 

This  substance  is  extensively  prepared  for  use  in  photography,  in 
which  art  its  great  tendency  to  absorb  oxygen  is  called  into  play,  ren- 
dering it  capable  of  decomposing  the  salts  of  silver  with  immediate 
separation  of  the  metal. 

The  solution  of  pyrogallic  acid  soon  becomes  brown  when  exposed  to 
the  air,  from  absorption  of  oxygen,  and  if  it  be  mixed  with  an  alkali,  it 
absorbs  oxygen  almost  instantaneously,  acquiring  a  very  dark-brown 
color.  This  property  renders  pyrogallic  acid  very  useful  in  the  analysis 
of  air  and  of  other  gases  containing  uncombined  oxygen  ;  a  portion  of 

1  Ellagic  acid  is  obtained  as  a  crystalline  precipitate  by  heating  together,  for  some  time,  gallic  and 
arsenic  acids  in  solution  ; 


4(G,HBOt)     +    As.jOs    =    ^CJTaO,)     +    Asj03    +    6HaO. 
Gallic  acid.  Ellagic  acid. 

3  By  heating  gallic  acid  under  pressure  with  two  or  three  parts  of  water  to  410°  F.  for  half  an  hour, 
and  evaporating  the  solution,  it  is  said  that  the  theoretical  quantity  of  pyrogallic  acid  may  be  ob- 
tained. It  may  be  decolorized  with  animal  charcoal. 
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air  confined  in   a  1  tuhe  OW 

I  Dilution  of  potash  to  ahsor  :iml  tin-  dimi- 

nution ,,f  \olume  having  hecn  noted,  some  solution  of  p\  ro-allic  a.-id  in 
loin  •  r   is   int:  --n   Blinking  for  a  few  seconds,  the 

ll  entirely  absorbed,  when    tin-  volume  of  the  nitrogen  may  be 

salts  of  tan nic  and  gallic  acids  ar.  well  known.     The 

i.  s(,  that  its  true  formula  would  be 
II  C  1  i  ( '  .  i  h"  1 1    U-ing  replaccahle  hy  a  metal. 
B  acid  character  of  pyro.L'.-illie  id 

:  hive  acids  an-  »li-'  iniMii-h.-d  hy  their  urti««n  u|>on  the  salts  of  iron. 
\Vith  pun-  |.rnt..,,il|.liatr  .,f  EfOB  '  '      n.-itlu-r  tannir  nor  gallic  I 

gives  any  reaction,  hut  i»vro«rallii'  aciil  -ivr--  a  «lc»-p  indigo  blue  solu- 
tkm;  wiiil>t  with  penolpbate  (Fe,Os.3S()s)  or  pt-ivl.lori.le  (Fe,Cl.)  of 
iron,  the  t\\<»  loniu-r  L'ivf  a  bluish-black  |  .te,  and  pyrogallic  acid 

gives  a  bright  red  solution. 

Tla  preMDM  ot1  tannic  acid  in  a  vegetable  infusion  is  easily  recog- 
iii/.-.l  hy  tin-  a<hlitiuii  <»f  prrrhlori.lr  of  in.n,  hut  tin-  hue  which  is  j.r..- 
ilii.r.l  is  nut  tin  same  in  all  astringent  substances,  because  they  contain 

All  the-,  varieties,  however,  differ  from  taimic  acid,  properly  so  call.  .1, 
in  not  furnishing  pyrogallic  aci«l  when  lu-at.-.l. 

i  principle  of  ••<//.  chu  r  •     • 

I  hy  tanners  and  dyers,  is  i-alh-«l  m/motannic  acid. 


\  BOBTABLB  ALKALOIDS. 

li'l.  In  MMM  plants  the  vegetable  acids  are  c«unhiiu-«l  with  \v«ri-tahh' 
alkalies  or  alkal«»'nU;  thus  in  opium,  the  morphine  is  n.nihim-.l  with 
Dieconic  aci«l  :  in  cinchona  hark,  the  quiiiinc  is  conihine.l  with  kinic 
arid.  The  methods  adopted  for  the  s.-paration  of  these  alkaloids  from 
the  acids  :1I,.1  other  substances  associated  uith  them  are  among  the 
most  important  processes  of  |>ra«-ti«-al  flu-mis' 

>n  of  the  M'  ••«.— <  >pium    is    the    eonerete 

milky  juice  which  exudes  on  incising  the  unripe  eapMiles  of  t ' 
•H|    is    imported    into  this   country    from    Per-;- 

Bengal,  a:  .  in  the  form  of  round  masses  or  cakes  enveloped  in 

leaves;  it  has  a  dark  color,  a  soft  waxy  c.-n-ist.  m  .,  and  a  peculiar  charac- 
teristic  ...lor.      PiU'en-nt  samples  vary  much  in  composition,  hut  i 
lowing  result  of  an  analysis  of  Sm\rna  opium  will  urive  an  idea 
nature  of  this  complex  drug: 

100  parts  of  Smyrna  <  >  <l — 

,     26.2  .        .  6.7 
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The    medicinal  \ahie  of  opium  I  U)    he    due  ehiefly  to  the  nior- 

JfO  Ahicll      is      presrilt.    for   the     III 

iii  order  t..  ohtain    it    in    the  M|  '.•,  the 

opium  is  cut  in"  '.-d  \\\\\\  \\at.-r  at    a  moderate  I., 
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two  or  three  hours ;  the  liquor  is  then  strained  and  evaporated,  a  little 
chalk  being  added  to  neutralize  the  free  acid.  The  concentrated  solu- 
tion, containing  chiefly  morphine  and  codeine,  in  combination  with  me- 
conic  and  sulphuric  acids,  is  mixed  with  solution  of  chloride  of  calcium, 
when  the  meconic  acid  is  precipitated  in  combination  with  lime,  carry- 
ing with  it  a  great  part  of  the  coloring  matter,  and  leaving  in  solution 
the  hydrochlorates  of  morphine  and  codeine,  which  may  be  obtained  in 
crystals  by  evaporation.  The  hydrochlorates  are  decolorized  with  animal 
charcoal  and  recrystallized.  On  adding  ammonia  to  the  solution  con- 
taining these  salts,  the  morphine  only  is  precipitated,  and  may  be  puri- 
fied by  crystallization  from  alcohol,  which  deposits  it  in  white  rectangular 
prisms,  having  the  formula  C17H19XO:i.Aq. 

The  solution  from  which  the  morphine  has  been  precipitated  still  con- 
tains the  hydrochlorate  of  codeine,  and  on  decomposing  it  with  potash, 
the  codeine  is  precipitated  in  crystals,  of  the  composition  C1SH.21NO3. Aq. 

The  mother-liquor  from  the  hydrochlorates  of  morphine  and  codeine 
contains  narcotine,  narceine,  meconine,  thebaine,  and  papaverine,  to- 
gether with  resin  and  coloring  matter.1 

The  leading  features  of  morphine  are  its  sparing  solubility  in  cold 
water,  its  bitter  taste  and  alkaline  reaction,  and  narcotic  poisonous 
properties.  It  is  generally  identified  by  its  giving  an  inky  blue  color 
with  perchloride  of  iron,  and  a  golden  yellow  with  nitric  acid. 

The  hydrochlorate  of  morphine  (C17Hl9NOrHCl),  or  muriate  of  mor- 
phia, is  the  chief  form  in  which  this  alkaloid  is  used  medicinally. 

Narcotine  (C2.,H23NO.)  possesses  some  interest  as  having  been  the  first 
base  extracted  from  opium,  whence  it  may  be  obtained  by  simply  treat- 
ing the  drug  with  ether,  in  which  the  morphine  is  insoluble.  The  greater 
part  of  the  narcotine  is  left  in  the  residue  after  exhausting  the  opium 
with  water,  from  which  it  is  extracted  by  digestion  with  acetic  acid;  on 
neutralizing  the  solution  with  ammonia,  narcotine  is  precipitated.  It  is 
a  weak  base,  and  has  no  alkaline  reaction. 

The  meconic  acid  which  exists  in  opium  is  a  tribasic  acid,  having  the 
formula  H3C7HO7;  it  is  soluble  in  hot  water,  and  crystallizes  on  cooling 
in  plates  which  contain  three  molecules  of  water  of  crystallization.  It 
gives  a  blood-red  color  with  solution  of  perchloride  of  iron. 

422.  Extraction  of  Quinine. — The  cinchona  or  Peruvian  bark,  so 
highly  prized  for  its  medicinal  qualities,  is  obtained  chiefly  from  the  dis- 
tricts around  the  Andes,  and  is  imported  in  three  varieties,  of  which  the 
yellow  cinchona  is  richest  in  quinine,  the  pale  or  gray  bark  in  cinchon- 
ine,  whilst  the  red  bark  contains  both  these  bases  in  considerable  quan- 
tity. The  alkaloids  are  combined  with  kinic  acid,  and  with  a  variety 
of  tannin  known  as  quinotannic  acid. 

In  order  to  extract  them,  the  bruised  bark  is  boiled  with  diluted  hy- 
drochloric acid,  arid  the  filtered  solution,  containing  the  hydrochlorates 
of  quinine  and  cinchonine,  is  mixed  with  enough  lime  diffused  through 
water  to  render  it  alkaline.  The  quinine  and  cinchonine,  which  are  very 
sparingly  soluble  in  cold  water  (requiring  about  400  times  their  weight 
to  dissolve  them),  are  precipitated  together  with  some  of  the  coloring 
matter  of  the  bark. 

The  precipitate  having  been  collected  upon  a  linen  strainer  and 
strongly  pressed,  is  treated  with  boiling  alcohol,  which  dissolves  both 
the  alkaloids,  leaving  any  excess  of  lime  undissolved.  A  part  of  the 

1  KwJeia,  a  poppy-head ;  i/ap/trj,  torpor;  pfjKtav,  a  poppy. 
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i  distillation.  Mini  tin-  Mention  containing 

tin-  quinine  and    rim-In. nim-  is  neut  rali/.ed  \\  it  h   sulphur  >  as  to 

-   thru    04  i  w  ith    ani- 

:il,   ami    allov  Sulphate  of  quinine,   bein^ 

much  ICSK  soluble  in  water   than  the  sulphate  of  cinchonine.  .  i -\  ~t alli/cs 

;ii-_r  tin-  latter  in  solution. 

The  Mltp  'issohed  in  \\ater  ami  '!(•<•. .ni|.«-. d  by  am- 

monia, when  the  (|iiinine  is  *  :is  a  white  powder,  which  may  be 

dissolve. 1  iii  alcohol  ami  crystal! 

!i<iui<l    from   which  t he  sulphate  of  quinine   has  been  deposited 
contains,  ill  addition  to  the  snlph.v  honine,  another  base,  having 

the  same  composition  as  quinine,  hut  <listinuriiishe(l  frf»m  it  l«y  the  in- 
disposition of  its  sulphate  to  ei\ 

md    is  prodnoed    from  (Hiinine  umler  the  intluem-e  ..f  :m  .'xeess  of 
i  is  the  most  important  constituent  of  the  substance  called 

.  \\hieh  is  prepared  for  sale  from  the  m<»ther- 

li'pior-  dphute  of  quinine,  and  forms  a  cheap  sub-titute  for  qui- 

nine in  medicine. 

<JuiniiM-   crystalli/es   in  small   prisms,  which  have   the   .  ..mp.^it i,,n 
0    II    N  < »    .  \  )..  and  although  sparingly  soluble,  even  in  boiling  water, 

•is  an  extrc'inly  hitter  taste,  which  is  also  possessed  by  its  sal 
Quinine  is  employed  in  medicine  in  the  form  of  sulphate— 

(C,HMN,OJ,H1O.SOr7Aq. 

which  requires  as  much  as  700  parts  of  cold  water  t  l.ut  is 

readily  di^olved  in  water  acidulated  with  sulphuric  acid,  when  it 

int..  the  acid  sulphate  of  quinine  (C^H^N.O,.!  M  >  I' he  so- 

lution is  remarkable  for  its  action  upon  liurht.  for  alt  (KHI-II  it  U  j.erlVctly 
colorless  when  held  directly  in  front  of  the  eye.  it'  -reii  obliquely  it  ap- 
pears to  have,  especially  at  the  edge,  a  beautiful  pale  hlue  ••..!.. r.  This  phe- 
ii"iiien<»n.  which  is  term-  as  been  already  reli-rivd  to  in 

the  case  of  other  substances  (p.  507). 

I'.y  evaporating  the  infusion  of  cinchona  l.arU 

from  which  the  quinine   and    cinchoni:  :.een   separated    by  HUM-, 

crystals  of  kinate  of  lime  are  obtained,  and  by  decomp«.sini:  these  with 
sulphuric  acid,  the  K1  H,,0,)  passes  into  solution,  whence 

it  may  be  obtained  in  prismatic  crystals. 

-   acid  is  chit-fly  intm-stim:  on  account  of  the  peculiar  pro|,. 
of  some  of  its  derivatn,^.      When  <listilK-d  with  sulphuric  acid  and  bin- 
">'  manganese,  the  ox  !\<-d   tV"m  the  mixture  converts 

the  kinic  ai'id  into  :l  ,,,-w  substance,  which  «-ondeiis«^  in  b.-autiful  yel- 
low  needles,  cil !>, I  m  -• — 

IK    H  to€    +   O,   =    C.H40,    -f    CO,   -f    4M  n 

Mid. 

substance  is  obta  DMHUMfl  fthe 

constituents  of  the    c<.tl'.  l'.\    dls- 

soh  iii  ontainini:  sulphurous  acid  ^as.  and  e\  aj-orat  in^ 

the  rless  crystals  <  ••lined — 

<    lit«>          _ll  o   +   SO,  =  C.H.O,  +    n,O.SO, 

MM, 

When  a  solution  of  kinone  is  mixe.l  with  one  of  hydrokin..ne.  beaiiti- 

:ds  are  de:  known  u 

II  n  i.   and   may  also  be  obtained   by  the   act  ion  of  oxidi/ini: 
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agents,  such  as  ferric  chloride,  upon  hydrokinone.  When  kinone  is 
acted  on  with  hydrochloric  acid  and  chlorate  of  potash,  it  is  converted 
into  a  yellow  crystalline  body,  known  as  perchlorokinole  or  chloranile 
(C6C14O2),  which  is  also  obtained  in  a  similar  way  from  aniline,  salicine, 
and  isatine.  Potash  dissolves  it  when  heated,  giving  a  purple  solution. 

423.  Theine  or  Caffeine — Tea — Coffee. — A  very  remarkable  instance 
of  the  application  of  chemistry  to  explain  the  use  of  widely  different 
articles  of  diet  by  different  nations,  with  a  view  to  the  production  of 
certain  analogous  effects  upon  the  system,  is  seen  in  the  case  of  coffee, 
tea,  Paraguay  tea,  and  the  kola-nut  (of  Central  Africa),  which  are  very 
dissimilar  in  their  sensible  properties,  and  afford  little  or  no  gratification 
to  the  palate,  owing  what  attractions  they  possess  chiefly  to  the  presence, 
in  each,  of  one  and  the  same  active  principle  or  alkaloid,  which  has  a 
special  effect  upon  the  animal  economy.  This  alkaloid  is  known  as 
caffeine  or  theine,  and  is  associated  in  the  three  articles  of  diet  men- 
tioned above,  with  various  substances,  which  give  rise  to  their  diversity 
in  flavor. 

The  raw  coffee-berry  presents,  on  the  average,  the  following  composi- 
tion: 

100  parts  of  Raw  Coffee  contain — 

Woody  fibre, 34.0 

Water, 12.0 

Fat, 120 

Cane-sugar  and  gum, 15.5 

Legumine,  or  some  allied  substance, 13.0 

Caffeine, 1.5 

Caffeic  acid, 4.0 

Mineral  substances, 7.0 

When  the  raw  berry  is  treated  with  hot  water,  the  infusion,  which  con- 
tains the  sugar  and  gum,  the  legumine,  caffeine,  and  caffeic  acid  (C14H1607), 
has  none  of  the  peculiar  fragrance  which  distinguishes  the  ordinary  beve- 
rage, and  is  clue  to  an  aromatic  volatile  oily  substance  termed  caffeone, 
formed  during  the  roasting  to  which  the  berry  is  subjected  before  use. 
This  volatile  oil,  which  is  present  in  very  minute  quantity,  is  produced 
from  one  of  the  soluble  constituents  of  the  berry  (probably  from  the 
caffeic  acid),  for  if  the  infusion  of  raw  coffee  be  evaporated  to  dryness, 
the  residue,  when  heated,  acquires  the  characteristic  odor  of  roasted 
coffee. 

The  roasting  is  effected  in  ovens  at  a  temperature  rather  below  400°  F., 
when  the  berry  swells  greatly,  and  loses  about  ^th  of  its  weight,  becoming 
brittle,  and  easily  ground  to  powder.  It  also  becomes  very  much  darker 
in  color,  from  the  conversion  of  the  greater  part  of  its  sugar  into  caramel 
(p.  528),  which  imparts  the  dark-brown  color  to  the  infusion  of  coffee. 
If  the  roasting  be  carried  too  far,  a  very  disagreeable  flavor  is  imparted  to 
the  coffee  by  the  action  of  heat  upon  the  legumine  and  other  nitrogenized 
substances  contained  in  the  berry. 

From  100  parts  of  the  roasted  coffee,  boiling  water  extracts  about  20 
parts,  consisting  of  caffeine,  caffeic  acid,  caramel,  legumine,  a  little  sus- 
pended fatty  matter,  fragrant  volatile  oil  (caffeone),  and  salts  of  potash 
(especially  the  phosphate).  The  undissolved  portion  of  the  coffee  con- 
tains, beside  the  woody  fibre,  a  considerable  quantity  of  nitrogenized 
(and  nutritious)  matter,  and  hence  the  custom,  in  some  countries,  of 
taking  this  residue  together  with  the  infusion. 

In  order  to  extract  the  caffeine  from  the  infusion  of  coffee,  it  is  mixed 
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with  solution  <>r  tribasicace-  -,nd 

•  In-  <-o|orin'.r  matter.      Through  tin-  filtered  solution.  sulphuretted 
hxdto^en  is  passed  to  remove  tin-  lead  as  -nlphide.and  tin-  liquid  tilt. 

.  this  is  evaporated  t«»  :i  small  Inilk.  when  the  eatl'eine «  i  out 

in  white  silk-.  tin-  composition 

r  II.  \  <  >  .!!  Ufa  properties  an-  Me. 

r  tin-  lea\cs  of  the  tea  plant  (Thea  Si  \hil.it 

a  general  similarity  to  those  of  the  collee-berry.      In  the  fresh  leaf  we  lind, 

in  addition  to  the  woody  fibre,  a  large  quantity  <>f  :i  substance  contain- 

ing  nitrogen,  similar  to  leguraine,  an  astringent  acid   similar  to  tannir 

a  small  quantity  of  caffeine,  and  some  mineral  constitiii'iits. 

aroma  of  tea  does  not  belong  to  the  fivsh  leaf,  but  is  produced, 
likr  that  of  cotiec,  .luring  tin*  process  of  drying  by  heat,  which 
a  small  quantity  of  a  peculiar  volatile  Oil,  having  powerful  stimulating 
properties.  ThV  tV.->hly-(lri»-«l  leaf  is  coiiiparntively  so  rich  in  this  oil 
that  it  is  not  «li'i'ined  advisable  to  use  it  until  it  has  been  kept  for  som. 
time, 

Green  ami  Mark  tea  arc  the  produce  of  the  same  plant,  the  <litlerence 
being  cauM-<l  l.y  the  mode  of  preparation.  For  green  tea  the  leaves  are 
<lrie«l  over  a  fire  as  soon  as  they  are  gathered,  whilst  those  intended  for 
black  tea  are  allowed  to  remain  exposed  to  the  air  in  heaps  for  >c\cial 
hours,  and  are  then  rolled  with  the  hands  and  partially  dried  over  a  tire, 
the-  -es  being  i  three  or  four  times  to  develop  the  desired 

flavor.     The  Maek  eolor  appears  to  be  due  to  the  action  of  the  air  upon 
the  tannin  present  in  the  leaf. 

(•oil.  extracts  about  30  parts  of  soluble   matter  from  100  of 

Maek  tea.  and  :;•'•  from  100  of  green  tea.      The  principal  constituent-  of 
the  infusion  of  tea  are  tannin,  aromatic  oil,  of  which  •_:  tftilkl 

alioiit    (»>    and    Mack   tea   O.r,   per  eent..  and   catlcinc.  the    proportion    of 
which,  in  the   dried  h  >  from  -J.-J  to    J.I   per  cent..  l.einur   present 

in  larger  quantity  in  ^reeii  tea. 

^P«  nt  leaves  contain  the  greater  part  of  the  legumine.  and  I 
SlderaMe  quantity  of  eaifeine.  which  may  In-   extracted  l.y  l.oilinur  them 
with  water,  and   treating  the  decoction  i   in  the 

case  of  codec. 

i    I.e   I. oiled    with    water,  the   solution    precipitated    with   tril»a-ic 
acetate  of  lead    the  filtered  liquid  evaporated  to  <!•  due 

cautiously  heated,  the  caffeine  sublimes  in  beautiful  crystals. 

Coc<  I  from  the  cocoanut,  which  is  the  seed 

of  7  /",  and  i-*  eharacteri/.ed    by  the  presence  of  more  than 

half  of  its  weight  (mtftlM  the  husk)  of  a  fatty  substance  known  ., 

:>ting  of  oleine   and   stearine.   which   does   not    become 

ranei«l    '.  DStursJ  fats    Lr,.,,,.,-:dly.     The   cacaoniit    also  contains  a 

large  quanti1  semblin^   u'luten. 

together  with  gum,  sugar,  and  theoln  nulai  to 

it   ha\in^  the  C0mp«>siti..n  <  '  II   \  «  ' 

I  are  all-  ment   in  h.-a|-  which  im- 

ie<l  in  the   sun    and    masted   like  :iidi   de- 

•  ie    peculiar   aroma   of  e..co.-i.      The   roasted    beans    ha\iu-_:    1 

•  he  husk-.  .:id  in  warm  mills. 

in  which  the  fatty  m:i'  and  unites  with   the  -n-und  bean-    • 

paste,  which  .sitl,suur:i  •  -^-d  into  moulds.      In  the  |.reji- 

;:iilla  and  spices  ai-  i.-d. 

upositioii  of  COCOa  and   ch-.  'hat    when 
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consumed,  as  is  usual,  in  the  form  of  a  paste,  they  would  prove  far  more 
nutritious  than  mere  infusions  of  tea  and  coffee. 

Caffeine  appears  to  be  a  methylated  derivative  from  theobromine,  for  when  it  is 
boiled  with  potash,  methylamine  is  evolved,  and  by  acting  with  iodide  of  methyle 
(CH3I)  upon  a  silver  compound  obtained  from  theobromine,  C7(H7Ag)N4O2.  the 
silver  and  methyle  change  places,  yielding  Agl  and  caffeine,  C7H7(CH3)N4O2  or 
methyle-theobromine. 

424.  The  vegetable  alkali  strychnine  (C21H22lSr202),  only  too  well  known 
for  its  activity  as  a  poison,  is  contained  in  crow-jig  or  Nux  vomica,  the 
seed  of  the  poison-nut  tree  of  the  East  Indies,  and  in  several  other 
plants  of  the  same  family.     The  strychnine  appears  to  be  combined,  in 
the  nux  vomica,  with  lactic  acid,  and  is  accompanied  by  a  second  alka- 
loid, brucine  (C23H26NaO4).     In  order  to  extract  it,  the  bruised  seeds  are 
boiled  with   water  acidulated  with  hydrochloric  acid,  the  solution  is 
strained,  and  rendered  alkaline  by  adding  hydrate  of  lime,  which  dis- 
places the  strychnine  and  brucine  from  their  combination  with  the  acid, 
and  separates  them  in  the  form  of  a  precipitate.     When  this  is  boiled 
with  alcohol,  the  excess  of  lime  remains  undissolved,  whilst  the  strych- 
nine and  brucine  are  carried  into  solution  ;  and  since  the  former  is  less 
soluble  in  alcohol  than  the  latter,  it  is  deposited,  before  the  brucine,  on 
evaporating  the  liquid,  in  the  form  either  of  octahedral  or  prismatic 
crystals,  which  have  an  intensely  bitter  taste.     This  remarkable  bitter- 
ness is  one  of  the  most  prominent  characters  of  strychnine  ;  for  although 
7000  parts  of  water  are  required  to  dissolve  one  part  of  this  alkaloid, 
the  solution  possesses  an   intolerably  bitter  flavor,  even  when  further 
diluted  with   100  times  its  weight  of  water.     Chloroform  and  benzole 
both  dissolve  strychnine  with  great  ease ;  and  since  these  liquids  refuse 
to  mix  with  water,  they  are  often  employed  to  extract  the  poison  from 
a  large  bulk  of  aqueous  liquid  by  agitating  it  with  a  small  quantity  of 
one  of  them,  which  is  then  separated  from  the  water,  and  evaporated  in 
order  to  obtain  the  strychnine  in  the  solid  form.     Very  minute  quanti- 
ties may  then  be  identified  by  moistening  with  strong  sulphuric  acid, 
and  adding  a  minute  quantity  of  chromate  of  potash,  when  the  chromic 
acid  acts  upon  the  strychnine,  giving  rise  to  products  of  oxidation, 
which  pervade  the  liquid  in  the  form  of  beautiful  purple  streaks. 

Curarine,  C10HrilST,  is  a  crystalline  alkaloid  which  has  been  extracted 
from  the  woorari  or  curara  poison  employed  by  the  South  American 
Indians  for  poisoning  arrows.  It  dissolves  easily  in  water  and  alcohol, 
but  not  in  ether.  Strong  sulphuric  acid  gives  it  a  tine  blue  color. 

425.  TOBACCO  owes  its  active  character  chiefly  to  the  presence  of  a 
vegetable  alkali  which  is  not  found  in  any  other  plant  than  the  Nicotiana 
tabacum,  from  the  leaf  of  which  the  various  forms  of  tobacco  are  manu- 
factured.    This  alkali,  nicotine  (C10HUN2),  is  distinguished  from  most 
others  by  the  absence  of  oxygen,  and  by  its  liquid  condition  at  the 
ordinary  temperature. 

In  order  to  extract  the  nicotine  from  tobacco,  the  leaves  are  boiled 
with  water,  which  dissolves  the  alkaloid,  in  combination  with  malic  and 
citric  acids.  The  liquid,  having  been  strained,  is  evaporated  to  a  syrup 
and  mixed  with  alcohol,  when  it  separates  into  two  layers,  of  which  the 
upper  contains  the  salts  of  nicotine  dissolved  in  alcohol,  the  lower 
aqueous  layer  retaining  the  greater  part  of  the  extraneous  vegetable 
matters.  The  alcoholic  layer  having  been  drawn  off,  is  next  shaken 
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\\ith  jtttasli,  to  combine   withth.  .      ..I   with  ether  to  di— olvc  the 

.fthen  set  free.     On  decanting  the  on  of  nicotine 

which  rises  to  the  surface,  and  evapornt  in n  the  ether,  tin-  ni.-'.:m«-  is  l.-i't 
in  tin-  form  of  an  oily  liquid,  which  i-  coloi le->  \\hen  perfectly  pun-.  but 
soon  acquires  a  dai  OOlOf  «l.en  exposed  to  the  air.  It  . 

,i-h«. 1  l,\-  it-  ver\  piinj  :iting  odor,  recalling  that 

of  tobacco,  and  which   is  very  perceptible  at  the  common  temperature, 
although   tin-   boiling-point  of  nicotine   i-  MI  high  as  480°  1 
alcohol,  and  ether,  dissolve  n,  'h  facility.      The  poisonous  a 

of  this  alkaloid  upon  anima  1,  death  I  .medi- 

ately following  11^  admini-l  ration.  The  Virginian  tobacco  contains 
more  i  than  Mln  '  .  i  amounting  to  n. 

:,t.ofthc  weightofthe  leafdne.l  at  -J  1  -J     I-'..  \\hil-t  the  Maryland  and 

Havana  varieties  contain  only  2  or  3  |>cr  cent.  of  n  u-co  is 

remarkable  for  the  very  large  amount  of  ash  which  it  leaves  when  l.nrnt. 

i>outone  fifth  of  the  weight  of  the  dried  h-af,  and  containing 

on«--third  of  carbonate  of  potash,  result  in  ur  iV«>m  the  dccomp-.-ition 

of  tlie   malate,  citrate,  and  nitrate  of  potash  during  the  combustion. 

The  p:  of  this  latter  salt  in  large  quantity    :;  or  4  parts  in  l<m  ..f 

the  dried  leaf)  distinguishes  tobacco  from  most  other  plants,  and  accounts 

for  the  peculiar  smouldering  combustion  of  the  dried  1< 

'!••    made    directly    from    the    tol.acco  l,-a\  es,    which   are    only 
moistened  with  a  weak  solution  of  salt  in  mpart  the  requisite 

suppleness;  bu'  I  tlnis  nioi-teiied.  is  -uLjcctcd.  in  large 

heaps,  to  a  fermentation  extending  over  eighteen  or  twenty  month-, 
which  results  in  its  becoming  alkali  m  from  th.  development  of  carbonate 
of  ammonia  (by  the  putrefaction  of  the  vegetable  albumen  in  \\\< 
and  of  a  minute  quantity  of  free  nicotine,  which  impart-  the  peculiar 
pungeney  to  this  form  of  tobacco.  The  aroma  of  the  sinitf  app.- 
be  due  to  the  production  of  a  peculiar  volatile  oil  during  the  fermenta- 
tion. The  proportion  of  nicotine  in  snulf  is  mily  about  two  per  cent.. 
being  one-third  of  that  found  in  the  unfermentcd  tobacco;  and  a  great 
part  of  this  exists  in  the  >nuir  in  combination  with  acetic  acid,  which  is 
also  a  result  of  the  fermentation.  It  is  also  not  improbable  that  a  little 
acetic  ether  is  produced,  and  perhaps  some  other  acids  and  ethers 
Of  the  acetic  series  (<•.  .-/.,  butyric  and  valei  ianic).  of  which  extremely 
minute  quantities  would  give  rise  to  great  differences  in  the  aroma  of 
the  snntl. 
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withstanding  the  great  variety  and  :  the  tints  ex- 

'-\v\icld    coloring    matters   \\hich    are 

permanent  to  be   employed  in  t  ;he    greater  number 

of  th-  ll\  as  soon  a*  the  plant  <li.  ire   unable 

to  resist  the deoompoaing  aellOB  of  light,  ozjgen,  and  D  ;nle>s 

•al  intliieiice  in  the  plant,  -.me  of  them  even  fading 

B    life  of  the    plant,  a-    may  be    -ecu  in    -••me  I  "f  the 

only  full,  t  in  those  parts  uhich  ha\e  ben,  partly 

•-l-irinur   matter  «.f   plants   has   been  termed   ,  / 
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and  is  a  resinous  substance  containing  carbon,  hydrogen,  nitrogen,  and 
oxygen,  which  has  never  yet  been  obtained  in  so  pure  a  condition  that 
its  composition  could  be  accurately  determined,  since  it  cannot  be  crys- 
tallized or  distilled,  and  is  therefore  not  amenable  to  the  usual  methods 
by  which  organic  substances  are  obtained  in  a  pure  state. 

When  green  leaves  are  boiled  with  alcohol,  the  latter  acquires  a  fine 
green  color,  and,  when  evaporated,  deposits  the  chlorophyll.  When  the 
alcoholic  solution  of  chlorophyll  is  boiled  with  alcoholic  solution  of 
potash,  and  hydrochloric  acid  afterwards  added,  a  yellow  precipitate 
(phylloxanthine)  is  obtained,  and  a  fine  blue  coloring  matter  (phyllocya- 
nine)  remains  in  solution.  The  blue  matter  contains  nitrogen,  and  both 
are  insoluble  in  water.  The  autumnal  color  of  leaves  may  possibly  be 
due  to  the  disappearance  of  the  phyllocyanine.  On  immersing  green 
leaves  in  chlorine  they  assume  an  autumnal  tint. 

The  blue  coloring  matter  contained  in  many  flowers,  such  as  the  violet, 
has  been  named  cyanine.  Acids  change  its  blue  color  to  red,  and  hence 
the  blue  color  is  exhibited  only  by  flowers  the  juice  of  which  is  neutral, 
whilst  red  flowers  yield  an  acid  juice.  The  coloring  matter  of  grapes 
and  of  red  wine  appears  to  be  identical  with  cyanine. 

Two  yellow  coloring  matters  have  been  extracted  from  flowers,  and 
have  been  named  xanthine  and  xantheine,  the  latter  being  soluble  in 
water. 

Saffron  is  a  yellow  coloring  matter  obtained  from  the  flowers  of  the 
Crocus  satiuus,  which  are  themselves  of  a  blue  color,  but  have  }Tellow 
anthers.  When  these  are  dried  and  pressed  into  cakes,  they  form  the 
saffron  of  commerce,  which  is  characterized  by  its  veiy  remarkable  and 
somewhat  agreeable  odor.  The  yellow  coloring  matter  is  readily  dis- 
solved by  water  and  alcohol,  and  has  been  found  to  be  a  glucoside,  which 
yields,  when  treated  with  sulphuric  acid,  besides  glucose,  crocine,  C16H18 
06,  and  an  essential  oil  having  the  formula  C10HUO. 

Safflower  consists  of  the  petals  of  the  Carthamus  tinctorius,  a  plant 
cultivated  in  Egypt.  It  furnishes  a  red  coloring  matter  called  cartha- 
mine  (C]4H1607),  which  is  used  in  dyeing,  although  it  fades  easily  when 
exposed  to  light.  It  exhibits  the  characters  of  an  acid,  being  dissolved 
by  alkalies  and  reprecipitated  by  acids,  a  circumstance  which  is  taken 
advantage  of  when  extracting  it  from  the  safflower. 

The  orange-yellow  coloring  matter  known  as  annatto  is  extracted  from 
the  seeds  of  the  Bixa  Orellana,  a  native  of  the  West  Indies.  The  col- 
oring principle  has  been  called  bixine,  and  is  dissolved  by  alkalies,  but 
precipitated  again  by  acids.  Annatto  is  used  for  coloring  butter  and 
cheese. 

A  valuable  yellow  color  is  obtained  from  the  weld,  or  Reseda  luteola, 
by  boiling  the  dried  leaves  with  water.  This  coloring  matter  is  termed 
luteoline  (C20H14O8),  and  may  be  sublimed  in  yellow  needles. 

The  woods  of  various  trees,  when  boiled  with  water,  furnish  coloring 
matters  of  considerable  importance  ;  thus,  the  wood  of  Morus  tinctoria, 
or  fustic,  a  West  Indian  tree,  yields  a  crystalline  yellow  color  called 
moritannic  acid  (C18H16O10). 

Logwood  is  the  wood  of  the  Hsematoxylon  Campechianum,  which 
grows  at  Campeachy,  in  the  Bay  of  Honduras.  Its  most  important  con- 
stituent is  a  yellow  coloring  matter  called  hsematoxyline,  which  may  be 
obtained  in  needle-like  crystals  having  the  composition  (C16H14O6,Aq.). 
It  becomes  intensely  red  in  contact  with  alkalies  and  oxygen,  from  the 
formation  of  haematein  (C^H^O,,).  Chromate  of  potash  gives  an  intense 

40 
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black  color  with   infusion  of  logwood,  which  has   been   used   as  an  ink. 
I. ut  is  not  permanent. 

««/,  which  is  employed  in  th«-  preparation  "f  red  ink.  contains 
A  Color  ••  -r  somewhat   resembling  that  of  logwood. 

Tin-  well-known  Turk.  >r  is  obtained  from  iruu&fer,  the 

of  th«  i    from   tin-    -..nth  of  France    ami   the 

:  I  his  root  does  not  contain  any  red  eolorin<_r  matter  during  the 

the   plant.  Imt    a    yellow  stlbstai  .  <      fcLO      .  from    the 

.position  "f  which  the  mad-i  m-d.      T: 

ineth<M|s  in  use  for  obtaining  the  red  color  fn. m  madder.     If  the  root  be 

•  I  in  water  for  some  time,  so  that  Home  of  tin-  nitm^eni/.ed   ,,,,,. 

>tituents  bcL'in  to  undergo  .lecompositioii,  a  peculiar  fermentation   is 

I    in   the  rubian.  reMiltinur   in    its  decomposition  into>e\eral   new 

chief  of  which  are  a  rc«l  crystalline  coloring  mat'-    . 
ine  (CMHgO4),  and  an  um-rv-talli/able  sujjar.      The  ali/.arine  may  i 

either  by  water  or  alcohol,  and  may  be  oi  I  beautiful 

plates  having  a  golden  lustre. 

If  the  madder  root  be  boiled  with  water,  the  rultian  is  dissolved,  and 
when  thi>  .solution  is  boiled  \\itli  dilute  sulphuric-  acid,  the  rubian  under- 
goes a  decomposition  similar  to  that  mentioned  above, and  the  ali/.arine. 

•••bible  in  the  dilute  acid.  i>  pie.  ij-ita' 

Madder  which  has   been  treated  «itli  hot  sulphuric  acid,  SO  as  to  de- 
eonipoxc  the  rubian, is  used  in  print-work*  under  tin-  \\-.\mc  of  gar  a 
and  yields  a  red  solution  containing  alizarine  when  boiled  with  water. 

..—The  discovery  of  a  process  for  the  artificial  pro- 
M  of  the   coloring  matter  of  madder  from   anthracene,  one  of  the 
const  it  uents  of  coal-tar,  is  one  of  tin-   im^t   important    services  which 
rhemistry  has.  of  1.,  ,  to  the  UM-lul  arts,  and  ailords  an 

excellent  illustration  of  the  practical  importance  of  the  minute  study  of 
nstitution  of  organic    suh^  \Vhen   ali/.arine.  ('    II  <  '  . 

1  with  powdered  /inc.  it  was  found  to  be  converted  i1 

('II    ,  a  substance  obtained  among  the  last  products  of  the  distillation 
of  coal-tar,  for  which  no  useful  application  had  hitherto  been  disco\ 
It  somewhat   resembles   naphthaline  in  pi  .  l*ut   may  be  distin- 

I  from  it  by  its  sparing  solubility  in  alcohol.      When  treated  with 
nitric  acid,  or  with  .sulphuric  acid  and  bin<  \ield- 

a  crystalline  compound  known  as  o./  .  <     II  •'  .  \\hicli  beai*s 

the   same   relation  to  anthracene   as  cpiinone  (| 

C  11    .and  has  therefore  been  called   tmJAro^i  When 

liroinine.  tin- 

C    IM'-iO.      Dv  heating  this  to   alx)Ut  350     F.  with  can- 
ll€Hr,(),    r"    iKIlo       flLHJB  0  1KB        .'II  0, 

Alizarine   is  pi  tMtlfi   an/ 

K  n         IHO1        0MH,0  IKCL 

A    cheaper  process    for  the    artificial    format  ion  of  ali/.arine    coiisi>t>    in 

int. \\  it  h  oil  of  vitriol,  so  as  to  convert  it  into  di- 

milphantliio.pn:  I.  which  is   a!  1  into    potassic 

1  \\  ith  caustic  pot  a-  :  .    i      M'' 

5ro  •  /J,!,, „,„(/,, 

•Jll   i  >.       When 

JO      04H  '.Kilo       C    H  K  " 
in  0, 

11,0  4.  Zo,  -  5ZnO  +  < 
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The  scientific  interest  of  this  production  of  alizarine  from  anthracene 
is  enhanced  by  the  circumstance  that  anthracene  has  itself  been  produced 
by  synthesis ;  for  carbon  and  hydrogen  combine,  at  a  high  temperature, 
to  produce  acetylene  (C2H2),  three  molecules  of  which  coalesce  at  a  high 
temperature  to  form  benzole  (C6H6),  and  by  acting  upon  two  molecules  of 
benzole  with  one  molecule  of  ethylene,  anthracene  has  been  produced, 
2C6H6  +  C2H4  =  C14H10  +  H6. 

Turmeric  is  the  root  of  an  East  Indian  plant,  the  Curcuma  longa;  its 
coloring  matter,  called  curcumine,  is  nearly  insoluble  in  water,  but  dis- 
solves in  alcohol.  Its  yellow  color  is  changed  to  brown  by  alkalies, 
which  leads  to  its  use  in  the  laboratory  as  a  test  of  alkalinity. 

427.  Litmus,  archil,  and  cudbear  are  brilliant,  though  not  very  per- 
manent purple  and  violet  colors,  prepared  from  various  lichens,  such  as 
Roccella  tinctoria  (litmus),  and  Lecanora  tartarea  (cudbear).1 

Archil  and  cudbear  owe  their  color  chiefly  to  the  presence  of  orceine 
(C7H7NO3),  which  does  not  exist  ready  formed  in  any  of  the  lichens,  but 
is  developed  during  the  preparation  which  they  undergo. 

If  either  of  the  above  lichens  be  digested  for  some  hours  with  lime 
and  water,  and  the  filtered  solution  be  neutralized  with  hydrochloric  acid, 
a  white  gelatinous  precipitate  is  obtained,  which  dissolves  in  hot  alcohol, 
and  is  deposited  in  crystals  on  cooling.  This  substance  may  consist, 
according  to  the  particular  lichen  employed,  of  one  or  more  acids,  the 
chief  of  which  have  been  named  erythric  (C^H^O^),  evernic  (C17H1607), 
and  lecanorie  (C8H8O4)  acids.  These  acids  are  remarkable  for  the  facility 
with  which  they  furnish  compound  ethers  when  boiled  with  alcohol. 

When  either  of  these  acids  is  boiled  with  an  excess  of  lime  or  baryta, 
it  is  decomposed,  and  if  the  excess  of  base  be  removed  by  carbonic  acid, 
the  filtered  liquid  evaporated  to  a  syrup,  and  extracted  with  boiling 
alcohol,  the  latter  deposits  prismatic  crystals  of  orcine  (C7H8O2.Aq.) 
The  formation  of  this  body  will  be  understood  from  the  following  equa- 
tions— 

0*>H22010   +   2(CaO.H20)  =  2(CaO.C02)    +  2C7H802   +    C4H10O4 

Erythric  acid.  Orcine.  Erythrite. 

C17H1607   +    CaO.H20   =    CaO.C02   +    C9H1004   +    C7H8O2. 

Evernic  acid.  Evernesic  Orcine. 

acid. 

Pure  orcine  is  a  colorless  substance,  but  when  exposed  to  the  joint  action 
of  ammonia  and  air,  it  is  converted  into  a  beautiful  red  coloring  matter, 
orceine — 

C7H8Oa    +     NH3     +     03    =     C7H7N03     +     2H20. 

Orcine.  Orceine. 

Orcdine  does  not  crystallize,  and  dissolves  to  a  slight  extent  only  in 
water,  but  readily  in  alcohol  and  in  alkaline  liquids,  yielding,  in  the 
latter  case,  a  beautiful  purple  solution,  which  becomes  red  when  mixed 
with  acids,  and  deposits  red  flakes  of  orceine. 

The  chemistry  of  the  processes  by  which  archil  and  cudbear  are  pre- 
pared will  now  be  easily  understood.  The  powdered  lichen  is  mixed  with 
urine  (to  furnish  ammonia)  and  lime,  and  exposed  to  the  air  for  some 
weeks,  when  the  lime  decomposes  the  erythric  and  other  acids,  with 

1  Said  to  have  been  named  after  Cuthbert,  a  manufacturer  of  the  dye. 
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'ion  of  orcinc.  which  then  passes  into  orcc'ine  under  tin-  intbien. ••• 
nf  tin-  ammonia  :in<l  atmosp 

preparation  of  litinn-  from  the  /;  r  i-,  similar  to  that 

jiM  described,  but  a  miv  -I'  ammonia  and  OMbOl 

potash  18  einpl"  urine  and  linn-.     Tin-  rhi-mii-al  ehan-_re 

\\  Inch  take*  place,  although  similar  in  principle,  is  not  precisely  idcnJ  ical 
with  the  foregoing,  for  tin-  principal  color:1 
to  be  a  red  substance  called  *ne  (CfHloN<  >  i.  which  ditfeis  \'\»\\\ 

'•  by  its  insolubility  in  ale.. hoi.  It  dissolves  in  alkaline  solutions 
with  a  beautiful  blue  color,  which  is  immediately  reddened  by  acids,  a 
property  fiv.pu-ntly  turned  to  account  by  the  chemist  for  ib-t.-.-tin-.:  the 

eaetion.  Litmus  occurs  in  commerce  in  small  cakes,  which  are 
made  up  with  chalk. 

1  \IIIOO4)  is  a  crystalline  substance  extracted  from  various 
lichens  and  fungi,  which  forms  combinations  with  th  i-  -imilar 

to  those  formed  bv  ^Iveeriu.     It  is  sometimes  n-pn •«•« -ntcd  as  .1 
tomic  alcohol  (p.  588),  (CJI.)"!! 

428.  !ne  (C8H6NO)  is  prepared  from  various  species  . 

fera,  grown  in  China,  India,  and  America.  The  plants  are  covert- 1  with 
cold  water  and  allowed  to  ferment;  as  soon  as  a  blue  scum  appear-  upon 
the  surface,  a  little  lime  is  u<Me.l  and  the  mixture  stinv.i  briskly  for 
some  time,  when  the  indigo  is  deposited  in  a  pulverulent  form  :  it  is 
collected  on  calico  strainers,  pressed  and  cut  up  into  ca 

The  theory  of  the  process  is  not  yet  clearly  e\| .laine.  1  ;  it  is  certain 
that  the  indigo  blue  does  not  pre-e\i-t  in  the  plant,  but  U  a  product  of 
the  fermentation.  Keceiit  observations  have  shown  that  the  Indigo  plants 
probably  contain  a  substance  call.  '  II  \<>  i.  which  stands 

in  a  similar  relation  to  indigo  blue  to  that  in  which  rubian  ^tainU  t<> 
alizarine  (in  the  case  of  madder) ;  it  is  soluble  in  water,  and  when  heated 
with  an  acid,  splits  up  into  iudi^o  blue.  >  la  peculiar  un- 

.     The  indigo  red  may  be  extracted  from  commercial 
indigo   by  boilin«r  with  alcohol,  in   which  the   indigo  bine   is  insoluble. 
Since  indigo  blue  is  insoluble  in  all  ordinary  solvents,  it  is  necessary,  in 
order  to  use  it  for  dyeing,  to  reduce  it  to  the  condition  of  »/•/- 
which  is  soluble  in  alkalies. 

If  2  parts  of  protosulphate  of  iron  (copperas)  be  dissolved  in  200  parts 
of  water,  and  well  shaken  in  a  stoppered  bottle  with  1  part  of  p..\\ 
indigo  and  3  Of  slaked  lime,  the  indiu'o  will  disappear,  and  on  allowing 
the  precipitate  to  subside,  a  yellow  tin  id  will  be  obtained,  which  becomes 
blue  at  the  surface  as  soon  aa  it  is  exposed  to  air.  If  this  solution  be 
with  hydrochloric  acid,  out  of  contact  with  air.  a  llocculent  pre- 
cipitate of  irtnf,-  ///,//./.,  is  obtained.  The  composition  of  this  substance 
Kl  0  N  i  it  is' formed  from  blue  indi-o  «'.H  \'',  !,v  the  addi- 

tion of  an  atom  of  hydrogen  derived  from  water,  tl  \\hich 

hM  Combined  with  the  protoxide  of  iron;  one  portion  of  tin-  lime  com- 
bines with  the  siilphuii-  •  the  sulphate  of  iron,  whilst  another 
serves  to  dissolve  the  wh  >.  which  is  soluble  in  alkaline  liquids.  . 

I  eO.SO,    +    CaO.H,O  SO.. 

II  <>         •_•»    II  \«»          I  .  n  j I [fl    +   2C.H.NO. 

Wliit*    iinllgo. 

•  ion  of  wl.  •  I  by  this  process  is  employed  for 

dyeing   linen  and    ••,,ttoii.  whii-h  are    immersed    in    t!,.  i    then  .-\- 

posed  to  the  air,  the  o\y_'rn  of  which  removes  an  atom  of  hydrogen  fr«.m 
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the  white  indigo,  and  the  blue  indigo  thus  formed  is  precipitated  upon 
the  fibre. 

Other  reducing  agents  are  sometimes  substituted  for  the  protosulphate 
of  iron.  Even  decaying  vegetable  matter  effects  the  conversion  of  blue 
into  white  indigo  in  an  alkaline  liquid.  Thus,  for  some  purposes,  the 
vat  is  prepared  by  fermenting  a  mixture  of  indigo,  madder,  carbonate 
of  potash,  and  lime,  when  the  hydrogen  extricated  in  the  fermentation 
of  the  vegetable  matter  converts  the  blue  into  white  indigo,  which  is 
then  dissolved  by  the  potash  liberated  from  the  carbonate  by  the  lime. 

When  cloth  is  dyed  with  indigo  (Saxony  blue)  the  color  is  dissolved 
by  means  of  sulphuric  acid  Fuming  sulphuric  acid  dissolves  indigo 
blue  very  readily,  but  oil  of  vitriol  does  not  act  quite  so  well.  The  solu- 
tion thus  obtained  is  commonly  called  sulphindigotic  acid,  but  it  really 
contains  two  acids,  the  sulpliindylic  (HC8H4XO.SO:!)  and  hyposulphindi- 
gotic.  The  blue  solution  becomes  colorless  when  shaken  with  powdered 
zinc,  and  resumes  its  blue  color  when  shaken  with  air. 

On  heating  indigo,  it  evolves  purple  vapors,  which  condense  in  pris- 
matic crystals  of  a  coppery  lustre,  consisting  of  pure  indigotine  or  indigo 
blue  (C8H5NO),  which  may  be  obtained  in  larger  quantity  by  digesting 
indigo  with  grape-sugar,  caustic  soda,  and  weak  alcohol,  when  a  solution 
of  white  indigo  is  obtained  which  deposits  the  crystallized  indigotine  on 
exposure  to  air. 

429.  Animal  Coloring  Matters. — From  the  animal  kingdom  only  two 
coloring  matters  of  any  great  importance  are  derived,  viz.,  cochineal  and 
lac,  both  which  are  obtained  from  insects  of  the  coccus  tribe.  The  color- 
ing matter  of  cochineal  is  known  as  carmine,  and  may  be  extracted 
from  the  insects  by  water  or  alcohol.  It  has  acid  properties,  and  has 
been  named  carminic  acid  (C]4H]408).  Carmine-lake  is  a  combination  of 
this  acid  with  alumina,  precipitated  when  a  solution  of  alum  and  an 
alkaline  carbonate  are  added  to  one  of  cochineal. 
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430.  The  object  of  the  dyer  being  to  fix  certain  coloring  matters 
permanently  in  the  fabric,  his  processes  would  be  expected  to  vary  with 
the  nature  of  the  latter  and  of  the  color  to  be  applied  to  it.  In  order 
that  uniformity  of  color  and  its  perfect  penetration  into  the  fibre  may  be 
attained,  it  is  evident  that  the  coloring  matter  must  always  be  employed 
in  a  state  of  solution  ;  and  it  must  be  rendered  fast,  or  not  removable  by 
washing,  by  assuming  an  insoluble  condition  in  the  fibre.  The  simplest 
form  of  dyeing  is  that  in  which  the  fibre  itself  forms  an  insoluble  com- 
pound with  the  coloring  matter.  Thus,  if  a  skein  of  silk  be  immersed 
in  a  solution  of  indigo  in  sulphuric  acid,  it  removes  the  whole  of  the 
coloring  matter  from  the  liquid,  and  may  then  be  washed  with  water 
without  losing  color  ;  but  if  the  same  experiment  be  tried  with  cotton, 
the  indigo  will  not  be  withdrawn  from  the  solution,  and  when  the  cotton 
has  been  well  squeezed  and  rinsed  with  water,  it  will  become  white  again. 
It  may  be  stated  generally,  that  the  animal  fabrics  (silk  and  wool)  will 
absorb  and  retain  coloring  matters  with  much  greater  facility  than 
vegetable  fabrics  (cotton  and  linen).  In  the  absence  of  so  powerful  an 
attraction  between  the  fibre  and  the  coloring  matter,  it  is  usual  to  im- 
pregnate Uie  fabric  with  a  mordant  or  substance  having  an  attraction 
for  the  color,  and  capable  of  forming  an  insoluble  combination  with  it, 
so  as  to  retain  it  permanently  attached  to  the  fabric.  Thus,  if  a  piece 
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•on  he  boiled  in  .1  solution  •  of  alumina,  the  alumina  will 

i    in   tin-   '  i  it'  tin-  cntt«>ii  !>»•  then  soaked    ii 

tion  i,t  cochineal  or  of  logwood,  tin-  iv«l  colm-in-  matter  will  t'..nii  an  in- 
soluble  compound     or   /,//.)    with    tin-   alumina,  and   the  cotton    will   be 

Another  method  ..f  tixini:  the  color  in  the  fabric  consists  in  impr. 
ing  the  latter  with  two  or  more  liquid-  ,»,  by  the  admixture 

o|'  which  the  color  may  be  produced  in  an  insoluble  state.      If  a  piece  of 
any  >tutf  he  so.-,  >lution  of  perchloride  of  iron,  and  afterwards  in 

issium,  the    Prussian  blue  which  is  pivcipitati d    in 
the  til-re  will  impart  a  fast  blue  tint. 

An  indispensable  preliminary  step  •  .-ing  of  any  fabric  i-  the 

removal  of  all  natural  grease  or  coloring  matter,  which 'is  effected  by 

:iiLr   with  the  nature  of  the  til. re.  ami    i-  preceded,  in  the 

cases  of  cotton  and  woollen  materials  which  are  to  receive  a  pattern,  by 

D  operations  of  shaving  and  singeing,  for  removing  the  short  hairs 

from  the  surface. 

I  roin  linen  and  cotton,  the  extraneous  matters  (such  as  grease  and 
resin)  are  generally  removed  by  weak  solutions  <>f  carbonate  of  \ 
or  of  soda,  and  the  fabrics  are  afterwards  bleached  by  treatment  with 
chloride  of  lime  «  p.  1  M  >.      lint  since  the  fibres  of  silk  and  \\o,,l  are  much 
more  easily  injured  by  alkalies  and  by  chlorine.  ire  i^  requi-ite 

in  Cleansing  them.     Silk   is   boiled   with  a  solution  of  white  soap  tore- 
move  t  .  as  it  is  technically  termed  :  but  the  natural  grease  is  ex- 

m  wool  by  soakim:  at  a  moderate  temperature  in  n 

either  of  soap  or  of  atninoniaeal   (  putrelie.l )  m  d  wool 

are  I'leached  by  sulphurous  acid 

Amon^r  the  red  dyes  the  most  important  are  madder,  I5rax.il  wood, 
cochineal,  lac.  and  the  colors  derived  from  aniline. 

In  dyeing  red  with  madder  or  p.ra/il  wood,  the  linen,  cotton,  or  wool 
is  first  mordanted  by  boiling  in  a  solution  containing  alum  and  bitarirate 
ish,  when  it  combines  with  a  part  of  the  alumina,  an. 1  mi  plnn-jinir 
In.t  infnsinn  of  madder,  the  coloring  matter  forms  an  in- 
soluble combination  with  that  earth. 

\  e  Turkey-red,  the  stuff  is  also  mordanted  with  alum,  but  has  pre- 

vion-l\  to  undergo  several  processes  of  treatment  with  oil  and  with  '_ralU, 

the  necessity  of  which  is  satisfactorily  established  in  practice,  though  it 

easy  to  explain  their  act  i«. n.      Tht  OOlOf   is   finally  brighten. -d    by 

iij  the  stuff  with  chloride  of  tin. 

Woollen  cloth  is  dyed  scarlet  with  lac  or  cochineal,  havini:  been  first 
mordanted  by  boilin-  in  a  mixture  of  perchloride  of  tin  and  bitartrate 
of  potash. 

iniline  colors  (see  p.  485)  are  employe. 1  for  dycini:  silk  and  wool, 
either  without  any  mordant  or  with  the  help  of  albumen. 

)   d\ed  with  indiu"'  (  p.  ''.'J'.' ).  "r  with   Prussian  blue; 

in  the  latter  case  the  stutf  is  steeped  !»  ••!>•  in  solutions  .,f  a  salt 

of  peroxide  of  iron  and  of  ferroc\  aiiide  of  MI.      Aniline    blue   is 

also  much  em.  r  silk  and  woollen 

principal  yellow  dyes  are  weld,  quercitron,  fustic.  aiii>.v'<..  dirys- 
aniline.    and    eliminate    .  I  ,,r    the    tour    tir-t    i-olorini:   n. 

alum'r  '•*  are  gem-rally  applied.      ( 

'.  which  i.s  soaked  for  that    purpose,  first   in 

.  and  then  in  chroinate  of    p.,ta-.h. 

also  sometimes  employed  as  a  yellow  .|\ ,-. 

In  dyeinir  blacks  and  browns,  tl.  ->-I>IHMI  first  in  a  bath  con 
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taining  some  form  of  tannin  (p.  615),  such  as  infusion  of  galls,  sumach, 
or  catechu,  and  afterwards  in  a  solution  of  a  salt  of  iron,  different  shades 
being  produced  by  the  addition  of  indigo,  of  sulphate  of  copper,  &c. 

431.  The  art  of  calico-printing  differs  from  that  of  d}Teing,  in  that  the 
color  is  required  to  be  applied  only  to  certain  parts  of  the  fabric,  so  as 
to  produce  a  pattern  or  design  either  of  one  or  of  several  colors. 

A  common  method  of  printing  a  colored  pattern  upon  a  white  ground 
consists  in  impressing  the  pattern  by  passing  the  stuff  under  a  roller,  to 
which  an  appropriate  mordant  thickened  with  British  gum  (p.  515)  is 
applied.  The  stuff  is  then  dunged,  i.  P.,  drawn  through  a  mixture  of 
cowdung  and  water,  which  appears  to  act  by  removing  the  excess  of  the 
mordant,  and  afterwards  immersed  in  the  hot  dye-bath,  when  the  color 
becomes  permanently  fixed  to  the  mordanted  device,  but  may  be  removed 
from  the  rest  of  the  stuff  by  washing. 

If  the  pattern  be  printed  with  a  solution  of  acetate  of  iron,  and  the 
stuff  immersed  in  a  madder-bath,  a  lilac  or  black  pattern  will  be  obtained 
according  to  the  strength  of  the  mordant  employed.  By  using  acetate 
of  alumina  as  a  mordant,  the  madder-bath  would  give  a  red  pattern. 

A  process  which  is  the  reverse  of  this  is  sometimes  employed,  the 
pattern  being  impressed  with  a  reaint,  that  is,  a  substance  which  will 
prevent  the  stuff  from  taking  the  color  in  those  parts  which  have  been 
impregnated  with  it.  For  example,  if  a  pattern  be  printed  with  thick- 
ened tartaric  or  citric  acid,  and  the  stuff  be  then  passed  through  an 
aluminous  mordant,  the  pattern  will  refuse  to  take  up  the  alumina,  and 
subsequently,  the  color  from  the  dye-bath.  Or  a  pattern  may  be  printed 
with  nitrate  of  copper,  and  the  stuff  passed  through  a  bath  of  reduced 
indigo  (p.  628),  when  the  nitrate  of  copper  will  oxidize  the  indigo,  and 
by  converting  it  \nto  the  blue  insoluble  form,  will  prevent  it  from  sinking 
into  the  fibre  of  those  parts  to  which  the  nitrate  has  been  applied,  whilst 
elsewhere,  the  fibre,  having  become  impregnated  with  the  white  indigo, 
acquires  a  fast  blue  tint  when  exposed  to  the  air. 

Sometimes  the  stuff  is  uniformly  d}*ed,  and  the  color  discharged  in 
order  to  form  the  pattern.  A  white  pattern  is  produced  upon  a  red 
(madder)  or  blue  (indigo)  ground  by  printing  with  a  thickened  acid 
discharge,  and  passing  the  stuff  through  a  weak  bath  of  chloride  of  lime, 
which  removes  the  color  from  those  parts  only  which  were  impregnated 
with  the  acid  (p.  184).  By  adding  nitrate  of  lead  to  the  acid  discharge, 
and  finally  passing  the  stuff  through  solution  of  chromate  of  potash,  a 
3Tellow  pattern  (chromate  of  lead)  may  be  obtained  upon  the  madder  red 
ground. 

By  applying  nitric  acid  as  a  discharge,  a  yellow  pattern  may  be  ob- 
tained upon  an  indigo  ground  (p.  165). 

Very  brilliant  designs  are  produced  by  mordanting  the  stuff  in  a  solu- 
tion of  stannate  of  potash  or  soda  (p.  417),  and  immersing  it  in  dilute 
sulphuric  acid,  which  precipitates  the  stannic  acid  in  the  fibre.  When 
the  thickened  coloring  matters  are  printed  on  in  patterns,  and  exposed 
to  the  action  of  steam,  an  insoluble  compound  is  formed  between  the 
color  and  the  stannic  acid,  which  usually  exhibits  a  very  fine  and  perma- 
nent color. 

It  is  evident  that  by  combining  the  principles  of  which  an  outline  has 
just  been  given,  the  most  varied  parti-colored  patterns  may  be  printed. 
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432.  Our  acquain-  -!i    tin-   cli.-mi-.try   of  the  substances 

posing  the  bodies  of  am:  11  MTV  limited,  although  tin-  attention 

of  many  accompli-hed  investigators  has  been  iliivrt.-.l  to  this  branch  of 
the  sci.  :.<  .  .  Tin-  reasons  for  this  arc  t<.  be  found,  firstly,  in  the  sus- 
ceptibility to  change  exhibited  l.y  animal  substances  \\hen  ret 
from  the  influence  of  life;  and  secondly,  in  the  absence,  in  *MC\\  sub- 
stances, of  certain  physical  properties  l.y  which  we  might  be  enabled  to 
separate  them  t'n.n  other  bodies  with  which  they  arc  associated,  ami  to 

their  purity  when  obtained  in  :i  f\\o  of  the 

important  of  these  properties  are  volatility  and  the  tendency 
lize.     When  a  substance  can  suffer  distillation  without  change,  it  \\ill 
be  remembered  that  its  boiling-point  ailord-  a  criterion  of  its  purr 
if  it    l»e   capable  of  crystalli/in^,  this   may    I.e    taken    advanta-_r< 
separating  it  fn»m  other  substances  which  crystallixe  more  or  less  easily 
than  itself,  and  its  purity  may  be  ascertained  from  the  absence  of  crystals 

other  form  than  that  belonging  to  the  substance.  Hut  t 
number  of  the  components  of  animal  frames  ,-aii  neither  be  cr\  st  alli/rd 
nor  distille(l,  so  that  many  of  the  aiiahse-.  \\hich  have  been  made  of 
such  substances  ditler  uidely  from  each  other,  bemuse  the  analyst  could 
never  be  sure  of  t  lie  perfect  purity  of  his  material:  and  even  when  con- 
coidant  results  have  been  obtained  as  to  the  percentage  composition  of 
the  substance,  the  atomic  formula  deduced  from  it  has  been  of  so^iii-u- 
lar  and  exceptional  a  character  as  to  cast  very  strong  .suspicion  upon  the 
purity  of  the  substance. 

>rdingly,  the  chemical  formula-  of  a  great  many  animal  siil^tam-es 
y  unintelligible,  conveyinur  not  the  least  information  as  to  the 

•n  in  which  the  compound  -tamU  \\  ith  re-  tbertabfttl 

or  the  changes  which  it  might  undergo  under  ni\<  n  <-ircnm«.tan' 

It  has  been  shown  in  the  previous  chapters  of  this  work  that  \ 
gradually  learning  to  class  all  compound  bodies  under  a  few  typical 
forms,  so  that  the  chemical  properties  of  any  substance  may  in  many 
cases  be  predicted  from  its  composition  as  imlicatinir  the  type  to  \\hich 
it  belongs.  Take,  for  example,  the  class  of  alcohols  (('JI...  .  o  ,  or  of 
volatile  acids  (C.H^O,),  or  of  ammonias  (XV,),  and  it  will  »>«•  >ecn  that 
inihe  \\hich  are  apparently  the  most  complex.:!* 

,  ineligible  when  :  0   t  heir  proper   typ-  ,      Hut  the 

extraordinary  formula,  for  example,  deduced  from  the  ultimate  analysis 
of— 


Albumen.          C^H^N^O^S     and 

'       M      \    «»,£ 

caiin-  '  :.v  known    type,  and    refuse   to   he  classed  with 

it'    a    t\pe    \\ere    ill\.-I,ted    e\|.res*ly    f.,r   them. 

Animal  chen:  BMOttt  ll  .ekward  condi- 

tion, as  compared  with  vegetable  and  mineral   chemistry.  tlnMii:h  an  ••)»- 

tiofl  of  the  pr«>greS8  of  research  allord-    us   tin  tiOD,  that  a 

•u  of  the  farts  which 
:.-asoniii:j  from  tin-- 
other departments  of  t!.- 

:  lilk  is  well  adapted  to  introduce  tin-  study 
of  animal  diet:  that  liquid  conta.  -  of  all 
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the  substances  which  make  up  the  animal  frame ;  and  it  is  on  this  ac- 
count that  it  occupies  so  high  a  position  among  articles  of  food. 

Although,  to  the  unaided  eye,  milk  appears  to  be  a  perfectly  homo- 
geneous fluid,  the  microscope  reveals  the  presence  of  innumerable  glob- 
ules floating  in  a  transparent  liquid,  which  is  thus  rendered  opaque.  If 
milk  be  very  violently  agitated  for  several  hours,  masses  of  an  oily  fat 
(butter,  p.  606)  are  separated  from  it,  and  leave  the  liquid  transparent. 
This  fat  was  originally  distributed  throughout  the  milk  in  minute  glob- 
ules inclosed  in  very  thin  membranes,  which  were  torn  by  the  violent 
agitation,  and  the  fatty  globules  then  cohered  into  larger  masses. 

For  the  preparation  of  butter,  it  is  usual  to  allow  the  milk  to  stand 
for  some  hours,  when  a  layer  of  cream  collects  upon  the  surface,  the  pro- 
portion of  which  is  very  variable,  but  is  generally  about  y^th  of  the  vol- 
ume of  the  milk.  The  skimmed  milk  retains  about  half  of  the  fatty 
matter.  This  cream  contains  about  5  per  cent,  (by  weight)  of  fat,  3  per 
cent,  of  caseine,  and  water.  When  the  cream  is  churned,  the  inclosing 
membranes  of  the  fat-globules  are  broken,  and  the  fat  unites  into  a 
semi-solid  mass  of  butter,  from  which  the  buttermilk  containing  the 
caseine  may  be  separated.  If  this  be  not  done  effectually,  the  caseine 
which  is  left  in  the  butter,  being  a  nitrogenized  substance,  will  soon 
begin  to  decompose,  and  will  induce  a  decomposition  in  the  butter  (p. 
606),  resulting  in  the  elimination  of  certain  volatile  acids,  which  impart 
to  it  a  rancid  and  offensive  taste  and  odor.  To  prevent  this,  salt  is  gen- 
erally added  to  butter  which  has  been  less  carefully  prepared,  in  order 
to  preserve  the  caseine  from  decomposition.  Buttermilk  contains  about 
one-fourth  of  the  fatty  matter  of  the  milk. 

Pure  butter  is  essentially  a  mixture  of  margarine  and  oleine  with 
smaller  quantities  of  other  fats,  such  as  butyrine,  caprine,  and  caproiue 
(p.  606). 

Fresh  milk  is  slightly  alkaline  to  test-papers,  but  after  a  short  time 
it  acquires  an  acid  reaction  ;  and  if  it  be  then  heated,  it  coagulates  from 
the  separation  of  the  caseine.  This  spontaneous  acidification  of  milk  is 
caused  by  the  fermentation  of  the  sugar  of  milk,  under  the  influence  of 
the  caseine,  which  results  in  the  production  of  lactic  acid,  according  to 
the  equation — 

C12H240,    _     4HC3H503. 

Sugar  of  milk.  Lactic  acid. 

The  caseine,  being  insoluble  in  the  acid  fluid,  separates  in  the  form  of 
curd.  This  development  of  lactic  acid  is  spoken  of  as  the  lactic  fermen- 
tation, and  may  be  excited  not  only  in  milk-sugar,  but  in  other  sub- 
stances analogous  to  it.  This  is  taken  advantage  of  in  the  preparation 
of  lactic  acid,  for  which  purpose  8  parts  of  cane-sugar  are  dissolved  in 
50  parts  of  water,  and  1  part  of  poor  cheese  with  3  parts  of  chalk  are 
added  to  the  mixture,  which  is  then  allowed  to  remain  for  some  weeks 
at  about  80°  F.  The  lactic  acid  formed  from  the  cane-sugar  (O^jBL^Oj,), 
under  the  influence  of  the  changing  caseine  in  the  cheese,  combines  with 
the  lime  of  the  chalk,  disengaging  the  carbonic  acid,  and  forming  crys- 
tals of  lactate  of  lime  (Ca2C8H6O8),  This  is  dissolved  in  boiling  water, 
recrystallized  in  order  to  purify  it,  and  digested  with  one-third  of  its 
weight  of  sulphuric  acid,  which  converts  the  lime  into  sulphate,  liberat- 
ing the  lactic  acid ;  by  adding  alcohol,  the  whole  of  the  sulphate  of  lime 
is  precipitated,  and  the  lactic  acid  is  dissolved  by  the  alcohol,  which 
leaves  it  on  evaporation  as  a  colorless,  syrupy,  very  acid  liquid,  which 
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•e  distilled,  though  with  some  loss  from  decomposition,  if  i 

By  heat;;  acid  to  abon-  th  ..f 

molccidc  of  water  is  expelled,  and  the  lactic  anh\dride  <C  II    n  , 
in  U-fl   as  a  brownish  glassy  substance,  which   i>   i. 

acid    by  boiling   \\r  At  a  temperature  of  500     I  .  IftOtk   acid 

undergoes   a   <1-  di-t  illation,   the    most    intere-tin^    product    of 

which  is  a  transparent  crystalline   snbstance  called  lactide  ((     II  0 

I'rom  lactic  acid  by  the  elements  of  water,  which  it   resumes  when 
iu    that    liquid,    b.  crtcd    into    lactic  :      '     II. n  i. 

When  lactic  acid    is    heated  with  hydriodic  acid    in   a   sealed  tube,  it  is 
itcd  into  propi.mic  acid  — 

HCILO.CJ**-*)   -f    2HI    =    HC,HftO, <****** «*o   +    H,0    +    lf 

Lactic   acid    is    an    important   constituent  of  the   animal  bod\ . 
found  in  the  juice  of  muscular  flesh,  in  the  gastric 

II  milk  be  maintained  at  a  tempi-ran  Q      I-'.,  the  fermenta- 

tion induced  by  the  caseine  results  in  the  production  of  alcohol  and  car 
bonic  acid,  for  although  milk-sugar  is  not  fermented  like  ordinan 
by  contact  with   yeast,  it    appears,  under  the   influence  of  the  changing 
caseine  at  a  favorable  temperature,  to   be  converted   first    into 
sugar  (p.  fil'J  .   and    afterward*,    into    alcohol  and   carbonic    acid.      The 
Tartars  prepare  an  intoxicating  liquid,  which  they  call  .  by  the 

fermentation  of  milk. 

When  an  acid  is  added  to  milk,  the  caseine   is  separated  in  the  form 
of  curd,  in  consequence  of  the  ncut  rali/at  ion  of  the  soda  which  i 
it    di^,,lved  in  fresh   milk,  and   this   curd   .  .:  h  it ,  mechanically, 

the  fa1  ..f  the  milk,  leasing  a  clear  yellow 

In  the  |ireparatioi.  ,  .  the  milk  is  coagulated  by  means  of 

»»••/,  which  i-  prepared  from  the  lining  membrane  of  a  calfs  stomach. 
This  is  left  in  contact  with  the  warm  milk  for  some  hours,  until  the  DO- 
adulation  is  completed.  This  action  of  rennet  upon  milk  1 

ed  any  satisfactory  explanation.    The  curd  is  collected  and  pressed 
into  cheeses,  which  are  allowed  to  ripen  in  a  cool  place,  where  th- 
occasionally  sprinkled  with  salt.      The   peculiar  flavor  which   the   - 
thus  acquires  is  due  to  the  decomposition  of  the  fatty  matter  under  the 
influence  of  the  caseine.  ^ivinir  rise  to  the  producti-  HII  volatile 

such   as   butyric,  valerianie.  and  .  which    have  very  j 

ful  and   charac-  dors.      If  this  |,(.  all<>\\ed    to   proceed 

ir,  ammonia  is  developed  by  the   putrefaction   of  the  casein 
in  some  cases  the  ethers  of  the  above-mentioned  acids  are  pn.du- 

a  little  sii'_rar  of  milk  \<  •  -e.  OOUfer- 

'he  pecii  |  j.ercej.tible  in  sonic  varieties  of  it. 

:ciit   kinds   of  chci-se   are  dependent  upon   the  kind   of  milk 
ii-cd  in  their  pi  .  the  richer  •  onrse,  obtained 

•.iilk  containing  a  large  proportion  of  cream  :   such  cheese  fns,-s  at 
1  makes  .r,((,,|  t,,a-'  .  ,  whiNt  that  which  con- 

tains   little    butter   never   fuses   completely,  but    dries    and    shrivels    like 

h-  (iloiicester  and  Stillmi  are  made  from    a   mixture  of  new  milk 
ami  cream.      <  Made  from    m-w  milk    alone.      Cheshire 

and    American    cheeses.  |Vom    milk    robbed    of    about    one-eighth 

Dotob  ohfteM  and  th  -«f  tin-  midland  counties,  from 

.-kimmcd  milk. 
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Caseine. — The  pure  curd  of  milk  is  known  as  caseine  and  consists 
essentially  of  carbon,  hydrogen,  nitrogen,  oxygen,  and  a  small  propor- 
tion (one  per  cent.)  of  sulphur.  The  simplest  expression  of  the  result 
of  the  analysis  of  caseine,  in  formula,  would  be  C144H2,8N,6O4:S,  but  the 
anomalous  complexity  of  this  formula  conve37s  a  suspicion  that  the  com- 
position of  pure  caseine  has  yet  to  be  fixed.  By  whatever  process  it  has 
been  purified,  hitherto  it  has  always  been  found  to  retain  saline  matters. 
The  complexity  of  its  composition  accounts  for  its  liability  to  undergo 
putrefactive  decomposition. 

Coagulated  caseine  is  characterized  by  the  facility  with  which  it  is 
dissolved  by  alkaline  solutions,  such  as  carbonate  of  soda,  yielding  a 
liquid  upon  the  surface  of  which,  when  boiled,  an  insoluble  pellicle  forms, 
exactly  similar  to  that  which  forms  upon  the  surface  of  boiled  milk. 
Coagulated  caseine  may  also  be  dissolved  by  acetic  or  oxalic  acid,  but 
the  addition  of  sulphuric  or  hydrochloric  acid  reprecipitates  it,  these 
acids  apparently  forming  insoluble  compounds  with  caseine. 

If  skimmed  milk  be  carefully  evaporated  to  dryness,  and  the  fat  ex- 
tracted from  the  residue  by  ether,  the  caseine  is  left  in  the  soluble  form 
mixed  with  milk-sugar,  and  is  capable  of  dissolving  in  water  or  in  weak 
alcohol. 

Caseine  appears  to  possess  the  properties  of  a  weak  acid,  since  it 
combines  both  with  the  alkalies  and  alkaline  earths,  and  is  even  said  to 
be  capable  of  partially  neutralizing  the  former.  A  mixture  of  cheese 
and  slaked  lime  is  sometimes  used  as  a  cement  for  earthenware,  the 
caseine  combining  with  the  lime  to  form  a  hard  insoluble  mass.  The 
curd  of  milk,  washed  and  dried,  is  used  by  calico-printers,  under  the 
name  of  lactarine,  for  fixing  colors.  If  it  be  dissolved  in  weak  ammonia, 
mixed  with  one  of  the  aniline  dyes,  printed  on  calico,  and  steamed,  the 
ammonia  is  expelled,  and  the  color  is  left  behind  as  an  insoluble  com- 
pound with  the  caseine. 

Caseine,  or  a  substance  so  closety  resembling  it  as  to  be  easily  con- 
founded with  it,  is  found  in  peas,  beans,  and  most  leguminous  seeds. 
If  dried  peas  be  crushed  and  digested  for  some  time  in  tepid  water,  a 
turbid  liquid  is  obtained,  holding  starch  in  suspension.  If  this  be 
allowed  to  settle,  the  clear  liquid  is  an  impure  aqueous  solution  of  legu- 
mine,  or  vegetable  caseine,  which  constitutes  about  one-fourth  of  the 
weight  of  the  peas. 

This  solution  is  not  coagulated  by  heat,  but  becomes  covered  with  a 
pellicle  similar  to  that  which  forms  upon  the  surface  of  boiled  milk.  It 
is  coagulated  by  acetic  acid  and  by  rennet,  just  as  is  the  case  with  the 
caseine  of  milk. 

Sugar  of  Milk. — When  whey  is  evaporated  to  a  small  bulk  and  allowed 
to  cool,  it  deposits  hard  white  prismatic  crystals  of  sugar  of  milk,  or 
lactine  (C,,H24012),  which  is  much  less  soluble,  and  therefore  less  sweet 
than  cane-sugar. 

Like  this  latter  it  may  be  converted  into  grape-sugar  (C6H1407)  by 
taking  up  the  elements  of  two  molecules  of  water  when  boiled  with  dilute 
acids.  Milk-sugar  resembles  the  other  sugars  in  its  capability  of  com- 
bining with  some  bases,  such  as  the  alkalies,  alkaline  earths,  and  oxide 
of  lead :  with  the  latter  it  forms  two  insoluble  compounds. 

At  about  280°  F.  the  crystals  of  milk-sugar  lose  a  molecule  of  water 
and  become  C^H^.O^.  At  400°  F.  the  sugar  fuses,  and  two  molecules 
lose  five  molecules  of  water. 

It  will  be  seen  that  the  characteristic  constituents  of  milk  are  the 
caseine  and  milk-sugar,  but  the  proportions  in  which  these  are  present 
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\:ir\   ui'l-'lv.  not  onlv  with  the  animal  from  which  tin*  milk  is  ob< 

•  ••1   :in«l   condition  of  the   animal.      A  L'eneial   notion   of 

.  however,  may  be  gath<  •  tin- 

table,  exhibiting  the  results  of  the  analysis  ni..  >ussingault . 


Am. 

i,..:it 

.    .    . 

87.4 

'.Ml    :, 

82.0 

88.4 

Hutt.-r  

4.0 

1      t 

46 

2.6 

MMk-Miirur,     .      .      .      \ 
Soluble  »alU,  .     .     .     / 

5.0 

6.4 

4.6 

4.8 

CftMMrio,      ....     1 

Insoluble  salts,  .     .     / 

8.6 

1.7 

'.».<» 

B.8 

The  soluble  salts  present  in  milk  include  the  phosphates  of  potash  and 
soda,  arid  tin-  chlorides  of  potassium  and  sodium,  whilst  the  insoluble 
salts  are  the  phosphates  of  lime,  magnesia,  and  oxide  of  iron.  All  these 
salts  are  in  great  request  for  the  nourishment  of  the  animal  frame. 

The  milk  supplied  to  consumers  living  in  towns  is  subject  to  consid- 
erable adulteration;  but  in  most  cases  this  is  effected  by  simply  remov* 
ing  the  en-am  and  diluting  the  skimmed  milk  with  \\ater.  a  fraud  which 
is  not  easily  detected,  as  might  be  supposed,  by  determining  th«- 
gravity  of  the  milk,  for  since  milk  is   hca\  icr  than  \\a' 
and  the  fatty  matter   composing  cream    is    lighter   thanwa:-     .  'ain 

quantity  of  cream  mi^ht  lie  removed,  and  water  added,  without  alt*. 
the  specific  gravity  of  the  milk. 

The  most  satisfactory  method  of  ascertaining  the  quality  of  the  milk 
appears  to  consist  in  setting  it  aside  for  twenty-four  hours  in  a  tall 
narrow  tube  f /</•'  livided  into  100  equal  parts,  and  measurini: 

the  proportion  «,f  cream  which  separates,  this  averaging,  in  pure  milk, 
from  eleven  to  thirteen  divi-ioii-.  P,y  shaking  milk  with  a  little  potash 
lis^olve  the  membrane  which  envelopes  the  fat-globules  and  ether, 
the  butter  may  be  dissolved  in  the  ether  which  rises  to  the  surface.  :md 
if  this  be  poured  off  and  allowed  to  evaporate,  the  weight  of  the  bi 

be  ascertained.     1000  grains  of  milk  should  give,  at  le 
grains  of  butter.     Since,  however,  the  milk  of  the  same  cow  gives  \ 

quantities   of  en-am   at    different  times,  it    i>    ditlicult    to    .state 

( tideiitlv  that  adulteration  lias  been  practiced.      It  is  said  that  certain 

yellow  coloring  matters,  sueh  as  annatto  and  turmeric,  as  well  as  ^um. 
Starch.  Ac.,  are  oeca-ioiially  employed  to  confer  an  appearance  «,f  rich- 
ness upon  impoverished  milk. 

blood  from  which  the   various  organs  of  the  body 
din  ft  their   nouri-liin  most  important,  as  well  as  the 

ie  animal  lluids.      It-  c'uejuical  examinat  ion  is  attended 
with  much   dillici,  M  ,,|'  the   rapidity  with  which   it  changes 

after  PM  in  the  bo.|\   ..f  the  animal. 

<  hi  examininu'  freshly  drawn  Hood  under  the  •  •  .  it  is  ..1^ 

•eseinblancr  to   milk    in   its   j,h\ -ical    c..n-.t  it  tit  ion.  con- 
sist! -lobules  Moating  in  a  t  it  liquid  ;  the 

des,  in  the  case  of  Hood,  haxini;  a   well-mail'  lor. 

In  :i  f.-\\  iiiinuti-s  after  the  blood  has  been  drawn,  it  begins  to  assume 
a  gelatin-nis  .•«•,  and  t!  -lid  mass  thus  formed  separates 

••lid    portion  .  .i.-h    ei. utilities   to  shrink  for   ten   or 
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twelve  hours,  and  a  clear  yellow  liquid  or  serum.  It  might  be  supposed 
that  this  coagulation  is  due  to  the  cooling  of  the  blood,  but  it  is  found 
by  experiment  to  take  place  even  more  rapidly  when  the  temperature  of 
the  blood  is  raised  one  or  two  degrees  after  it  has  been  drawn  ;  and  on 
the  other  hand,  if  it  be  artificially  cooled,  its  coagulation  is  retarded. 
Indeed,  the  reason  for  this  remarkable  behavior  of  the  blood  is  not 
yet  understood. 

If  the  coagulum  or  clot  of  blood  be  cut  into  slices,  tied  in  a  cloth, 
and  well  washed  in  a  stream  of  water,  the  latter  runs  off  with  a  bright 
red  color,  and  a  tough  yellow  filamentous  substance  is  left  upon  the 
cloth ;  this  substance  is  called  fibrin,  and  its  presence  is  the  proximate 
cause  of  the  coagulation  of  the  blood,  for  if  the  fresh  blood  be  well 
whipped  with  a  bundle  of  twigs  or  glass  rods,  the  fibrin  will  adhere  to 
them  in  yellow  strings,  and  the  defibrinated  blood  will  no  longer  coagu- 
late on  standing.  If  this  blood,  from  which  the  fibrin  has  been  ex- 
tracted, be  mixed  with  a  large  quantity  of  a  saline  solution  (for  exam- 
ple, 8  times  its  bulk  of  a  saturated  solution  of  sulphate  of  soda),  and 
allowed  to  stand,  the  red  globules  subside  to  the  bottom  of  the  vessel. 

The  globules  are  minute  bags  of  red  fluid,  inclosed  in  a  very  thin 
membrane  or  cell-wall,  and  if  water  were  mixed  with  the  defibrinated 
blood,  since  its  specific  gravity  is  lower  than  that  of  the  fluid  in  the 
globules,  it  would  pass  through  the  membrane  (by  endosmose},  and  so 
swell  the  latter  as  to  break  it  and  disperse  the  contents  through  the 
liquid. 

The  red  fluid  contained  in  these  blood-globules  consists  of  an  aqueous 
solution,  containing  as  its  principal  constituents  a  substance  known  as 
globulins,  which  very  nearly  resembles  albumen,  and  the  peculiar  color- 
ing matter  of  the  blood,  which  is  called  hsematine. 

Beside  these,  the  globules  contain  a  little  fatty  matter  and  certain 
mineral  constituents,  especially  the  iron  (which  is  associated  in  some 
unknown  form  with  the  coloring  matter),  the  chlorides  of  sodium  and 
potassium,  and  the  phosphates  of  potash,  soda,  lime,  and  magnesia. 

Though  the  quantities  of  these  constituents  are  not  invariable,  even 
in  the  same  individual,  the  following  numbers  may  be  taken  as  repre- 
senting the  average  composition  of  these  globules : 

WOO  parts  of  Blood  Globules  contain — 


Water,        ....  688.00 

Globuline,  ....  282.22 

Haematine,           .         .         .  16.75 

Fat, 2.31 


Organic  substances  of   \  n  rn 


unknown  nature 


.  of   \ 


Mineral  substances,1  .         .         8.12 


T/ie  Mineral  Substances  consist  of 


Potassium,    ....  3328 

Phosphoric  acid, .         .         .  1.134 

Sodium,        ....  1.052 

Chlorine,      ....  1.686 


Oxygen,        ....  0.667 

Phosphate  of  lime,        .         .  0.114 

Phosphate  of  magnesia,        .  0.073 

Sulphuric  acid,     .         .         .  0.066 


Globuline  is  a  substance  very  similar  in  its  character  and  composition 
to  albumen  ;  it  is  found  also  in  large  proportion  in  the  matter  composing 
the  crystalline  lens  of  the  eye. 

The  hsematine  or  haemotosine  must  be  accounted  the  most  important 

1  Exclusive  of  the  iron  which  is  associated  with  the  hsematine. 
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in-  hlood-L.dohulrs.  Mure  it  appears  t«.  In-  nioiv  intimately 

ii  tin-  I'm;  -charged  by  tin-  !•!•• 

nutrition  and 

In    .  n  it    in   t  .   the  hlood-'Jobul. 

•\i:l.  alrohol  a.-idulated  with  Mil|>hm  ,  d  solution 

with   car  :'  ammonia,  which   separates  tin-  <_'ieater  part  of 

the  globuline:  tin-  filtered  liquid  is  evaporated  to  drynes>,  and  all  soluble 

I  by  successive  ti.  with  water,  alcohol,  and 

n  dissolving  the  In-own  residue  in  alcohol  containn 

:i|x>rating   to   drynes«.    and    i.i,i,,\ing  any   soluble 
matter  by  water,  a  dark-brown  MI!. stance  is  obtained,  which  It  rappOMd 
to  be  pur.-  hMMiiatine,  though  no  longer  in  the  soluble  state  in  which  it 
i  in  tli.-  Mo, ».l.     It  is  now  dissolved  only  by  alkalies  or 
alcohol. 
In  it-  (  !H  mi<  al  composition  hwraatine  is  remarkable  for  th 

n,  associated    in    a    very  intimate    manner    \\ith    earhoii.  h\  «1 
nitrogen,  and  oxygen,  so  that  it   cannot  he   rveo^ni/.-.l  l.\  the  or.linar\ 
tests.     The  formula  which  has  been  assigned  to  it  is  C^H^N/V 
it  is  rather  doubtful  whether  it  has  been  analy/ed   in  a  perfectly  pure 

The   most    important   chemical   property  of  h:ematine   is   its  belr 
with  oxygen.     It  is  well  known   that  the  blood  issuing  from  an  artery 
has  a  lunch    br;  i  color  than    that    drawn    f  i  <  .and   that 

when  the  latter  is  allowed  to  coagulate,  the  upper  part  of  the  clot,  whirh 
i>  in  contact  with  the  air,  is  brighter  than  the  lower  part. 

When  the  dark-red  blood  drawn  from  a  vein  U  shaken  up  with  air  or 
oxygen,  a  quantity  of  the  latter  is  absorbed,  ami  a  nearly  equal  volume 
of  carbonic  acid  is  di-cngaged,  the  •lark  red  color  hein_ij  at  the  same 
time  changed  to  the  bright  red  characteristic  of  arterial  Mood.  The 
carbonie  acid  exists  already  formed  in  the  venous  blo... 
oil  if  the  blood  is  exposed  under  an  e\  The  condition 

a^iimrd  t,y  the  oxygen  when  absorbed  by  the  blood   is  not  yet  clearly 

-toi>d.  but  it  is  generally  -allowed  that   the  conversion   of, 
into  arterial   blood   is   due   to  the  displacement  of  carbonic  acid  by 
oxygen. 

liquid  iii  which  the  blood-globules  float  is  an  alkaline  solution  con- 
taining albumen,  fibrin,    and  saline  matters    in  about  the   proportions 
udirated. 

1000/xirtoo/  Li'juor  5  '  <'<n — 


.... 

AH.umi'M,  ....       78.84 
Fibrin.  4.05 

1.7-J 


Organ i  -  «. 

known  nHtur<>,   .         .     / 
Mineral  substance*.        .         .     8.65 


nl  AiAatouM  consi*t  of— 

Phosphoric  acid,  .  ' 

it          Sulpli  .  .  (Ml'. 

Pho'j  .  .  0.811 

Phu-i  .,  agnosia,  .  «• 

The  alkali'  ,id  appears  to  be  due  t«.  th- 

of  CHI  'iiate  of  so. la. 

pre.seni  in  the  scrum  of  bio.  ^  to  coagulate  to  a 
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gelatinous  mass  when  heated,  this  property  being  the  distinctive  feature 
of  albumen.  This  substance  may  be  obtained  as  a  transparent  yellow 
mass,  resembling  gum,  and  dissolving  slowly  in  water,  by  evaporating 
either  serum  of  blood  or  white  of  egg  below  120°  F. ;  but  if  the  tempera- 
ture be  raised  above  that  point,  the  albumen  is  coagulated,  and  cannot  be 
redissolved  in  water  unless  heated  with  it  under  pressure. 

Albumen,  like  caseine,  has  never  been  obtained  perfectly  free  from 
saline  matters,  particularly  the  alkaline  and  earthy  phosphates,  and  much 
difficulty  attends  the  exact  determination  of  its  composition.  The 
simplest  formula  which  can  be  assigned  to  it  is  C108H]69N.)7O34S. 

It  will  be  remembered  that  a  substance  identical  with,  or  very  closely 
resembling,  albumen,  and  known  as  vegetable  albumen,  is  found  in  those 
vegetable  juices  which  are  coagulated  by  heat. 

Fibrin,  as  existing  in  blood,  differs  from  all  other  animal  substances 
by  its  tendency  to  spontaneous  coagulation.  When  coagulated  it  exhibits 
characters  very  similar  to  those  of  coagulated  albumen;  but  when  sepa- 
rated from  the  freshly  drawn  blood  by  violent  stirring,  it  forms  elastic 
strings  which  dry  into  a  yellow  horny  mass.  Fibrin  is  one  of  the  most 
important  constituents  of  the  animal  frame,  for  all  .muscular  flesh  consists 
of  this  substance.  The  gluten  found  in  the  seeds  of  the  cerealia  bears  a 
very  close  resemblance  to  fibrin,  and  is  often  called  vegetable  fibrin. 

The  same  formula  has  often  been  assigned  to  fibrin  as  to  albumen, 
and  its  complexity  would  explain  its  disposition  to  putrefy  when  removed 
from  the  influence  of  life.  It  does  not  appear  quite  certain  that  the 
fibrin  dissolved  in  the  blood  is  identical  in  composition  with  that  of 
muscular  fibre.  Some  analyses  have  shown  that  the  muscular  fibrin  con- 
tains more  oxygen  than  blood-fibrin,  and  this  latter  more  than  albumen, 
affording  some  ground  for  the  belief  that  the  blood-fibrin  represents  the 
transition  state  between  the  albumen  of  the  serum  and  the  muscular  flesh 
into  which  it  is  eventually  converted. 

Albumen,  fibrin,  and  caseine  have  been  regarded  by  some  chemists 
as  compounds  of  the  same  primary  substance  (protein  e)  combined  with 
different  proportions  of  sulphur  and  phosphorus,  the  proteine  being 
isolated  by  boiling  the  albuminous  body  with  potash  and  precipitating 
the  solution  by  an  acid.  The  composition  usually  assigned  to  this  sub- 
stance is  C1SH27N406;  but  since  it  is  neither  crystallizable  nor  capable  of 
conversion  into  vapor,  there  is  no  proof  of  its  purity;  and  the  great  use 
which  has  been  made  of  this  substance  by  writers  on  animal  chemistry  is 
due  to  the  apparent  simplicity  which  it  confers  upon  the  relations  exist- 
ing between  the  numerous  modifications  of  albumen,  fibrin,  and  caseine, 
the  ultimate  formulae  of  which  presents  so  high  a  degree  of  complexity. 

In  the  substance  of  the  brain  there  has  been  found  a  very  remarkable 
crystalline  substance,  which  has  been  termed  protagon,  and  is  a  complex 
compound  of  carbon,  hydrogen,  nitrogen,  oxygen,  and  perhaps  phos- 
phorus, to  which  no  probable  formula  has  yet  been  assigned.  It  is  very 
easily  decomposed,  even  below  212°.  Protagon  is  insoluble  in  water, 
but  dissolves  in  hot  alcohol  and  in  acetic  acid.  When  boiled  with  solu- 
tion of  baryta,  it  yields  phosphoglyceric  acid,  and  a  strongly  alkaline 
base  neurine. 

EGGS — The  shell  of  the  egg  contains  about  nine-tenths  of  its  weight  of 
carbonate  of  lime,  associated  with  animal  matter.  The  white  of  egg- 
consists  of  albumen  (about  12  per  cent.),  water  (about  86  per  cent.),  and 
small  quantities  of  soluble  salts.  It  is  alkaline,  from  the  presence  of  a 
little  soda.  Raw  white  of  egg  has  no  smell  of  sulphuretted  hydrogen, 
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it  after  boiling,  both  these  p  are 

manifested,  showing   that    it  suffers  some  decomp.  ,Mt  i.,n   .luring  coagU- 


V«>lk  of  egg  contains  a  modification  of  albumen  t,.rmi.,i  , 
owes  its  color  to  a  yellow  oil  which   m:,  :acted  with  ether,  ami 

contains   phosphoric  acid.      Tin-  yolk   of  hens'  eggs  has  about  half  the 
weight  of  the  white,  and  common!-  >  about  half  its  weight  of 

water,  16  per  cent,  of  \  iu  -lline,  30  per  cent,  of  fat,  and  !..">  per  cent,  of 
saline  matters. 


434.  FLESH.  —  The   fibrin   composing  muscular  flesh   contains 

tl>rre  fourths  of  its  weight  of  water,  a  part  of  which  is  due  to  the  1.1  .....  1 
contained  in  the  vessels  traversing  it,  and  another  part  to  the  ,«•><>•  of 
•'..  which  may  I.e  -quee/.e.d  out  of  the  chopped  t!e>h.  In  this  juice  of 
Mesh  there  are  certain  substances  which  appear  to  play  a  very  important 
part  in  nutrition.  The.  liquid  is  distinctly  acid,  which  is  remarkable 
when  the  alkaline  character  of  the  blo<  ttktorecL,  ai.-l  contains 

phosphoric,  lactic,  and  butyric  acid,  together  with  creatinc.  inosite.  and 
saline  matters.     By  soaking  minced  flesh  in  cold  water  and  well  sip: 
ing  it  in  a  cloth,  a  red  fluid  is  obtained  containing  the  juice  of  flesh 
mixed  with  a  little  blood.      When  the  liquid  is  gently  heated,  the  albumen 
of  the  blood  and  of  the  juice  is  coagulated   in  tlakes  stained  with  tin- 
coloring  matter;  the  liquid  filtered  from  these  may  be  mixed  with  bar 
water  to  precipitate  the  phosphoric  a.  id:  ami  after  a  second  filtration, 
evaporated  to  a  syrupy  consistence  and  set  aside,  when  beautiful  color- 
less pri>matic  crystals  are  obtained,  consisting  of  a  feeble  organic  base 
call'  fcbt  composition  of  which  is  d  bv  the  formula 

C.ll   \  Q 

The  quantity  of  this  substance  obtained  from  the  flesh  of  dit! 
animals  varies  very  considerably,  that  of  fowls  having  been  found  liith- 
most  productive,  and  next  that  of  fish.      1000  parts  of  the  llcsh  of  fowl 
furnished  '•'-  •_'  parts  of  creatinc,  1000  parts  of  cod.  1,71    of  creat  inc.  and 
1000  of  beef.  ii.T"  parts.      Human  Mc-h  is  said  to  contain  a  laru'c  propor- 
tion of  creat  ine. 

When  boiled  with  acids,  creat  ine  loses  the  elements  of  water,  and  is 
d  into  a  powerful  base  calle-i  '    II  \  <  h.  which  is  also 

found  in  minute  proportion,  accompanied  by  creatinc.  in  the   urine. 

Boiled  with  alkalies,  creatinc  gains  the  elements  of  water,  and  furnishes 
two  organic  bases,  urea  (also  found  in  urine),  and 

r.H.N  o     •     II  o         Ui.N  0        0  11.  NO,. 
i  i,  K,  In  Mte< 

From  the  CO).  .Tact    which    has  deposited    the   creatine, 

ibstanci- 

call-  .  and  ha\  iii'_r  tl«-  '  i»n  <     1  1    '  >  .-_'Aq. 

At  1  J      I-',  it   los,  -  id    has   t!  -aim- 

rape-sugar.    C.ll  (<  >.,   with    which,    lm\\e\er.    it     is 
nh   not  iilen: 

Inosite  has  been    obtainetl    in  \cry  minute    proportion    tV-m    Mesh,  but 
unripe  beans  are  said  to  \  i»-ld  as  much  as  i).7.">  per  cent,  of  thi-  inte 
ing  sugar. 

Jr.-,,,.      ,.      '••'. 

•  8aroo»ln«  h..  bera  obtained  artlftclallj  by  the  .1  r«ceUc  acid  on  m<-Uiv  l»m 

.,11  ^       llci. 

Cblor»«tlc  Kid.    Methylmniioe.         8arc«.- 


COOKING    OF    MEAT.  641 

The  saline  constituents  of  the  juice  of  flesh  are  chiefly  phosphates  of 
potash,  magnesia,  and  lime,  with  a  little  chloride  of  sodium. 

It  is  worthy  of  notice  that  potash  is  the  predominant  alkali  in  the  juice 
of  flesh,  whilst  soda  predominates  in  the  blood,  especially  in  the  serum. 

According  to  Liebig,  the  acidity  of  the  juice  of  flesh  is  chiefly  due  to 
the  acid  phosphate  of  potash,  K2O.2H2O.P2O5,  whilst  the  alkalinity  of 
the  blood  is  caused  by  the  phosphate  of  soda,  2Na,O.H2O.P205;  and  it 
has  been  suggested  that  the  electric  currents  which  have  been  traced  in 
the  muscular  fibres  are  due  to  the  mutual  action  between  the  acid  juice 
of  flesh  and  the  alkaline  blood,  separated  only  by  thin  membranes  from 
each  other,  and  from  the  substance  of  the  muscles  and  nerves. 

The  average  composition  of  flesh  may  be  represented  as  follows : 

Water, 78 

Fibrin,  vessels,  nerves,  cells,  &c.,     .         .         .         .17 

Albumen, 2.5 

Other  constituents  of  the  juice  of  flesh,  .         .         .       2.5 

100.0 

Liebig's  extract  of  meat  is  prepared  by  exhausting  all  the  soluble 
matters  from  the  flesh  with  cold  water,  separating  the  albumen  by  co- 
agulation, and  evaporating  the  liquid  at  a  steam  heat  to  a  soft  extract. 
It  contains  about  half  its  weight  of  water,  40  per  cent,  of  the  organic 
constituents  of  the  juice  of  flesh  (albumen  excepted),  and  10  per  cent, 
of  saline  matter. 

Cooking  of  Meat. — A  knowledge  of  the  composition  of  the  juice  of 
flesh  explains  the  practice  adopted  in  boiling  meat,  of  immersing  it  at 
once  in  boiling  water,  instead  of  placing  it  in  cold  water,  which  is  after- 
wards raised  to  the  boiling-point.  In  the  latter  case,  the  water  would 
soak  into  the  meat,  and  remove  the  important  nutritive  matter  con- 
tained in  the  juice;  whilst  in  the  former,  the  albumen  in  the  external 
layer  of  flesh  is  at  once  coagulated,  and  the  water  is  prevented  from 
penetrating  to  the  interior.  In  making  soup,  of  course,  the  opposite 
method  should  be  followed,  the  meat  being  placed  in  cold  water,  the 
temperature  of  which  is  gradually  raised,  so  that  all  the  juice  of  flesh 
may  be  extracted,  and  the  muscular  fibre  and  vessels  alone  left. 

The  object  to  be  attained  in  the  preparation  of  beef  tea,  is  the  extrac- 
tion of  the  whole  of  the  soluble  matters  from  the  flesh,  to  effect  which 
the  meat  should  be  minced  as  finely  as  possible,  soaked  for  a  short  time 
in  an  equal  weight  of  cold  water,  and  slowly  raised  to  the  boiling-point, 
at  which  it  is  maintained  for  a  few  minutes.  The  liquid  strained  from 
the  residual  fibrin  contains  all  the  constituents  of  the  juice  except  the 
albumen,  which  has  been  coagulated.  f 

When  meat  is  roasted,  the  internal  portions  do  not  generally  attain  a 
sufficiently  high  temperature  to  coagulate  the  albumen  of  the  juice,  but 
the  outside  is  heated  far  above  212°  F. ;  so  that  the  meat  becomes  im- 
pregnated to  a  greater  extent  with  the  melted  fat,  and  some  of  the  con- 
stituents of  the  juice  in  this  part  suffer  a  change,  which  gives  rise  to 
the  peculiar  flavor  of  roast  meat.  The  brown  sapid  substance  thus  pro- 
duced has  been  called  osmazome,1  but  nothing  is  really  known  of  its  true 
nature. 

In  salting  meat  for  the  purpose  of  preserving  it,  a  great  deal  of  the 
juice  of  flesh  oozes  out,  and  a  proportionate  loss  of  nutritive  matter  is 
sustained. 

1  From  o<ri*fi,  odor;  ?w^<5j,  soup. 
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When  i  wrt  i  >M 

or  tendons,  are  boil-  tfaM  with  water,  tin-  liquid  - 

sets  to  a  jelly  on    c.-olimr.      This  i>  .; 

resembling   each    other.  th:it 

(bonded  under  tin-  name  of  gelatine.      The  dill, 
in  their   oi  •  In-    action  of 

Mibrane.  Mini  hondrine 

\\a\    t'n.in  tin-  i.      In  their    pi  there 

,    little    .1  'lie    most    important    hcin^    that    a  solution   of 

ohOBOrinc   is    ;  1    by  acetic  acid,  by  alum,  and   by  acetate  of 

lead,  which  do  not  precipitate  gi 

In  composition  there  is  :l  ooi  nee  between  gelatin, 

chondrinc.the  latter  containing  considerably  more  «.\  i  U-»  nitro- 

gen.    The  simplest  formula-  which  Ir  lothem  are — 

Gelrr  .         .         . 

Chondrinc,     .          .          . 

hut  they  both  contain  phosphates  of  lime  and  magnesia  in  a  very  inti- 
mate state  of  association. 

The  char:  ••«  of  gelatine  are  the  tendency  of  its  solu- 

tion to  gelatin;  lin_r.   and    the    formation  of  an  inioluble   com- 

pound uith  tannic  acid.      The  latter  is  the  foundation  of  the  art  of  tan- 
p.  t'.l.'i).  and  the  former  is  turned  to  account  in  the  preparation  of 
jelly,  si/e,  and   irlnc.      A  solution  containing  only  o;  ;   gela- 

tine will  set  on  cooling,  though  if  it  be  repeatedly  boiled  it  lose 
ity. 

llass  is  a  very   pure   ra  j-repared    from   tlie  air- 

bladder  of  fishes,  es|.e<  ially  of  the  sturgeon. 

•he  manufaei  -e  and  parin-js  of  hides  are  gener- 

ally employed,  after   l»eing  cleansed    from  the  hair  and    blood   by 
ing  in  lime-water,  and   thoroughly  exposed  to  the  air  f»r  lOfl 
astOC"ii\eit    the    lime   into   .  .and    prevent  the  injurious 

upon  the  gelatine.      They  arc   then    boiled  \\ith 

^olution  is  found   t«»   ^datini/c  firmly  on   eo.,lii)Lr,  \\hen  it 

in  off  into   another  vessel,  where  it  is  kept   warm  to  allow  ti 

•  •H  to  settle  down,  after  which  it  is  allowed  to  gelatini/.e  in  shallow 

•olers.     The  jelly  is  rut  up  into  slices,  and   dried    upon   nets 

hum:    up    in    a    tree    OOrrenf    «•!'    air.      Spring    and    autumn    are    Usually 

a  glue,  si  i.  immei  lieat  would  li«piety  it,  and 

se,  split  it.  and  rcmh-r  it  unlit  for  the  market . 
is  made  in  a  similar  manner,  but  finer  skins  are  .-m- 
tke  drying  is  omitted,  the  size  bein_r  used  in  the  ^ehitinous  - 
best  size  in  made  fr»m  parchment  cuttings. 

upon  gelatine,  two  crvstalii:. 
.  known  by  the    nai 

i      !  1    \  <  i      .  '      :  I      \  OJ. 

.1  be  s,-e!l  that  u'l\-  ^(  '      . 

and  leii.-ine  with  the  (at  pres«>nt  unknown)  nit. 

ind  iit  bullock's  lun^s  and  in  calf's  i 
A  large  number  of  animal  substances  \,-r\   nearly  resemble  gelatine  in 

••n  :  among  these  are  hair,  wool,  nails,  horns,  and  i, 
.tain-,  in  add  HP  MI  t«.  carbon.  hydro^rM,  nitrogen,  an<l  o\ 
from  sulphur. 


1  Tb«  animal  mailer  of  bom-  appwn  to  be  boaeric  with  feUlloe,  and  U  called  MM* 


UREA.  643 

Wool  has  sometimes  to  be  separated  from  the  cotton  in  worn-out  mixed 
fabrics.  The  mixture  is  plunged  into  diluted  hydrochloric  acid,  dried 
at  220°  F.,  and  submitted  to  the  action  of  a  machine  (devil),  which  re- 
moves the  cotton,  rendered  brittle  by  the  action  of  the  acid,  in  the  form 
of  dust,  and  leaves  the  wool  fibres  untouched.  When  the  object  is  to 
save  the  cotton  fibre,  the  fabric  is  exposed  to  high-pressure  steam,  which 
has  no  action  upon  cotton,  but  converts  the  wool  into  a  brown  matter 
easily  removed  by  a  beating  machine,  and  sold,  for  manure,  as  ulmate 
of  ammonia. 

Silk  is  said  to  consist  of  three  la}rers,  the  outermost  consisting  of  gela- 
tine, and  soluble  in  water ;  the  next  of  albumen,  soluble  in  acetic  acid  on 
boiling;  and  the  third  of  a  nitrogenized  substance  called  sericine,  which 
is  insoluble  in  water  and  acetic  acid.  Spider's  threads  appear  to  consist 
of  this  substance. 

Sponge  consists  of  a  similar  material,  which  has  been  called  fibroine. 

436.  URINE. — The  urine  of  animals  is  characterized  by  the  presence 
of  certain  substances  which  are  only  met  with  in  very  minute  quantities, 
if  at  all,  in  a  state  of  health,  in  the  other  fluids  of  the  body.  The  most 
important  of  these  are  an  organic  base  called  urea,  uric  acid,  and  hip- 
pur 'ic  acid. 

Urea. — When  human  urine  is  evaporated  to  about  an  eighth  of  its 
original  bulk,  and  mixed  with  an  equal  volume  of  nitric  acid,  a  semi- 
solid  mass  is  formed,  consisting  of  pearly  scales  of  nitrate  of  urea 
(CH4N2O.HN03).  If  these  be  washed  with  cold  water,  afterwards  dis- 
solved in  boiling  water,  and  treated  with  carbonate  of  baryta,  the  nitric 
acid  combines  with  the  baryta,  and  the  carbonic  acid,  having  no  tendency 
to  combine  with  the  urea,  passes  off,  leaving  the  urea  in  solution — 

2(CH4N3O.HN03)  +  BaO.C02  =  2CH4N20  +  Ba2IST03  +  H20  +  CO2. 

Nitrate  of  urea.  Urea. 

After  filtering  from  the  excess  of  carbonate  of  baryta,  the  liquid  is 
evaporated  on  a  water-bath,  when  a  mixture  of  urea  and  nitrate  of  baryta 
is  obtained,  from  which  the  urea  may  be  extracted  by  hot  alcohol.  On 
evaporating  the  alcohol,  beautiful  prismatic  crystals  of  urea  are  de- 
posited. These  crystals,  when  once  separated  from  the  urine  in  a  pure 
state,  may  be  preserved  indefinitely,  even  if  dissolved  in  water ;  but  the 
urea  occurring  in  the  urine  is  very  soon  decomposed,  a  putrefactive 
decomposition  being  excited  by  the  mucus,  a  changeable  substance 
somewhat  resembling  albumen,  which  collects  in  feathery  clouds  in  the 
urine.  The  change  which  is  thus  induced  in  the  urea  results  in  its  con- 
version into  carbonate' of  ammonia. 

CH4N20     +     2H20  2NH3.H2O.C02. 

Urea.  Carbonate  of  ammonia. 

It  is  in  consequence  of  this  change  that  the  urine  so  soon  exhales  an 
ammoniacal  odor.  In  order  to  effect  the  same  change  in  pure  urea,  it 
is  necessary  to  heat  it  with  water  under  high  pressure.  When  urea  is 
combined  with  hydrochloric  acid,  and  the  hydrochlorate  is  heated,  it 
furnishes  hydrochlorate  of  ammonia  and  cyanuric  acid,  according  to  the 
equation — 

3(CH4N2O.HC1)     =     3(NH3.HC1)     +     H3C3N303. 

Hydrochlorate  of  urea.  Cyanuric  acid. 

When  cyanuric  acid  is  distilled,  it  yields  3  molecules  of  hydrated 
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M<  \  <>.<.'  ;  n  thos  estsldtsbed  bstweea  area 

and  tin-  ii  series  b«  'elli-it'le  "hen  we  see  thai  tin-  base 

is  isomcric  \\ith  ryanate  «•!'  ammonia  i.MI  IK  \<>  .  In  fact,  by  CM  m- 
l»ininur  I.  Ic  aeid  with  ammonia,  and  e\  i|»o  rating  the  solu- 

ti..n.  DO  e\  an  ate  of  amm->nia.  1-ut  -.imply 

:i  this  has  been  tminded  :i  pnu-ess  for  obtaining  urea   art  itieially, 

which  has  at  r  <>t'  attention  as  one  of  the  earliest  exam 

:ie  product  i.»  n  in  the  laboratory,  of  a  complex  t  -imed 

in  tin-  animal   I><"1\.      For  the   artitieial   produet  ion  of  urea,  56  parts  of 

well-dri-  anidc  of  potassium  are  intimately  mixed  with  28  parts 

ried  hiiiMxido  of  manganese,  ami  the  mixture  heated  to  dull  redness 
in  an  ixm  <lish,  and  stirred  until  it  ceases  to  8m<>ul<l<T.  The  oxygen 

••lied  l'v  the  liinoxidc  of  manganese  converts  the  potassium  an<l  patt 
of  the  cyanogen  of  the  ferrooyanidr  into  cyan  ate  of  potash,  the  reiuaind.  r 
of  the  cyanogen  being  burnt,  and  the  iron  converted  into  oxide  — 

,Fe     +     O,  IKONO     +     2CO,     -f     N,     +     FeO. 

Ferrocyanida  Cyanal*  of  potash. 

of  poUuiiutii. 

(  hi  tn  ating  the  residue  with  cold  water,  the  cyanate  of  potash  is  dis- 
solved out,  and  after  the  insoluble  p«»rti«»n  has  suhs'uled,  the  liquid  may 
l>e  poured  on",  and  41  parts  of  sulphate  of  ammonia  dissolved  in  it.  Sul- 
phate of  potash  and  cyanate  of  ammonia  are  thus  forin 

_'K(  NO    +    2NIIrH,O.SOI  =r  K.O.SO,    +    2(NI1    IK  NO); 

and  if  the  solution  be  evaporated  tn  dry  ness  (on  a  water-bath)  the  latter 
salt  is  transformed  into  urea,  which  may  be  separated  from  the  sulphate 
of  p-.tnsh  by  alcohol,  which  dissolves  the  urea  only. 

437.  The  true  constitution  of  urea  baa  been  the  subject  of  much  <li-cii---i.ni 

Tin-  circimi-tuncr  tliat,   un<l<-r    c.-riain   cMn.li:  latM 

nU  of  wat»T,  nti'l   i-  cMiiv.-rt.-l  int.-  i  urbonaU'  of  aintn..rii:i.  hn-  l.-.l  IM  tlM- 
opinion  that  urea  should  be  claued  am<>:  i   !>.• 

r«'pr«'wnt«-d  a.*  <l'-riv.-.l  from  BSTbOMitoof  MBIDOIlll     Nil,    <  '.O>j  l.y  the  IOM  of  nv:< 
just  M  oxamide  i«  derixed  from  oxalate  of  mnni- 


—    2H,0    =    CH4NtO 
Carbonate  of  ammonia. 

(NH,    •    0,       -     8H/J  «'..H,N',Ot 

Oxalmte  of  ammonia.  Oxamide. 

n  natural!  -h.-r  tli«>  varioun  ba»e»  formed  by  «ub- 

'         >ulii    furnish    corr<>>j.on.linu'   ur«-!i-    \vli.-n   acted 
:  u«  been  actually  t-un.l  to  be  the  case;  <-t 

\  i  I      I      1  1          •     : 

<yanate  of  fthylumine,  ju«t  a*  urea  1%  nn- 

monia. 

MI,(C,Hft).HCNO  =  CH    <H    N,0. 

»iiine. 

it  if  urea  I  :i  double  molecule  of  '<v  the 

•ubctituti  i  will  be  derived  in  a  similar  mann.-r  Vr..ni 

••cule  of  ethylamine. 

N  II,  .     II  N;ll    ,  ;1!      00)".    ' 

-urra. 

i«  caM  it  will  be  o-Wrv.-l  that  tl><>  -liatM...  <  <),  i«  «ub«titut.-.l  !..r  one 

no  of  iu  representative,  etli 
It  will  be  remembered  tha  •  can  be  obtained  by'the  action  of  anuii<uiin 
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upon  the  corresponding  ethers  ;  thus  oxalic  ether  treated  with  ammonia  gixes  oxa- 
mide,  and  the  conversion  may  he  intelligibly  represented  thus — 


Oxalic  ether.  Ammonia.  Oxamide.  Alcohol. 

In  a  similar  manner,  carbonic  ether,  when  heated  in  a  sealed  tube  with  an  alco- 
holic solution  of  ammonia,  yields  urea  and  alcohol  — 

H  (C°)" 

r 


Carbonic  ether.  Ammonia.  Urea.  Alcohol. 

"When  cyanic  ether  (C2H5.CNO)  is  acted  on  by  ammonia,  it  yields  ethyl-urea,  the 
action  being  precisely  parallel  to  that  of  ammonia  upon  cyanic  acid  — 

H.CNO  +  NH3  =  NH3.H.CNO 
Cyanic  acid.  Urea. 

(C2H5).CNO  +  NH8  =  NH3.(C2H5).CNO. 
Cyanic  ether.  Ethyl-urea. 

Many  other  compound  ureas  of  this  description  have  been  obtained,  in  which  the 
hydrogen  is  partly  or  entirely  replaced  by  the  alcohol  radicals.  The  relation  exist- 
ing between  these"  and  their  prototype,  urea,  will  be  seen  in  the  following  examples  : 

Urea,  .     CH4N2O 


rci 

0-j  CH3    [•  N2 


Ethyl-methyl-urea,         .         .         .         .     0-   CH3    •  N2O 

Tetrethyl-urea, 

Diphenyl-urea, 


The  supposition  that  urea  is  really  constituted  upon  the  ammonia  type  derives 
some  confirmation  from  the  circumstance,  that  a  number  of  substances  have  been 
obtained  which  bear  the  same  relation  to  urea  as  the  amides  do  to  ammonia.  They 
are,  therefore,  sometimes  styled  ureid.es,  and  sometimes  compound  ureas,  in  which 
a  negative  or  acid  radical  occupies  the  place  of  a  part  of  the  hydrogen.  In  illus- 
tration of  the  mode  of  formation  of  the  bodies  of  this  class,  the  production  of  benz- 
ureide  or  benzoyl-urea  may  be  referred  to. 

When  ammonia  acts  upon  chloride  of  benzoylc,  it  yields  benzamide  and  hydro- 
chloric acid  — 

C7H5O.C1  +  NH3  =  CTH5O.NH2  +  HC1. 

Chloride  of  Benzamide. 

benzoyle. 

If  urea  be    substituted   for   the   ammonia,  benzureide   and  hydrochloric   acid  are 
formed  — 

C7H5O.C1  +  CH4N20  =  C7H5O.CH3N20  +  HC1. 

Chloride  of  Urea.  Benzureide. 

benzoyle. 

Both  reactions  become  much  more  intelligible  if  urea  and  its  derivatives  be  allowed 
to  be  composed  upon  the  ammonia  type  — 

NH3  +  (C7H50)C1  =  NH2(C7H50)  -f  HC1 

Ammonia.       Chloride  of  Benzamide. 

benzoyle. 

NaH4(CO)"  +  (C7H50)C1  =  NSH,(C7H60)(CO)"  +  HC1. 
Urea.  Chloride  of  Benzureide. 

benzoyle. 

By  sir    lar  processes  there  have  been  obtained  — 

Acetyl-urea,        ....     N2H3(C2H3O)(CO)// 
Butyryl-urea,      ....     N2H3(C4H7O)(CO)//,  &c. 
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438.  :in:in    Dli  i  witli    liydrorhlorir 

•in  1    allowed  to    s!:.  ts  minute    hard    red 

•1  with  tin-  urin:iry  color- 
in-  tin*  arid  i-  f  soda  and  nrate  of 
via.  which  arc   often  deposi:                     irinr  in  -li'jht    derangements 
tit'  tin                    .  when  they  HIT    pn--cnt  in  excess.  the-e   -alt-    '• 
much  more  soluble  in  warm  water  than  in  -Mid  it-* 
salts  i                      moil   ingredients  of  calculi,  this  acid  is  SOUK 

•:*«?,  a  st< 

As  the  ,,  f  uric  acid  in  Ininian  urine  dor- 

Mi  1< too,  recourse  is  had  to  other  sources  for  the  >n  of  this  acid, 

whirji  is  now  « ••-  .  u-ed  lor  thr  preparation  of  tin- 

•  •d  in  calico-printing. 

•  -rtlie  boa-constrictor  and  of  birds,  which   consist 

almost  riitirrly  of  acid  nratc  of  ammonia,  and  '/'"//"-.  which  has  been 
forme. 1  by  thr  partial  deeom|>o8ition  of  the  excrements  of  sea-birds, are 
excellent  sources  of  ni'ic  acid.  Tin-  separation  of  thr  uric  acid  fro  in 
acid  nratc  of  ammonia  is  easily  rilrdrd  l-y  di--i»l\  in^-  it  in  -oluti"ii  of 
potash,  filtering  and  adding  hydrorliloric  arid,  when  thr  nrir  .-u-id.  wliich 
nMjuires  10,000  parts  of  cold  water  to  dissolve  it,  is  prr cipitated  as  a 
white  crv-tallinc  pow.i 

Whrn  a  solution  of  potn-li  ^  saturated  with  uric-  acid  in  the  r«.ld.  and 
boiled    down   out  ot'  11. -lik«-    orjttall   arr   dr- 

"ii    1\  .<  '  1 1   \  <  >  .  and  if  this   lx 

in  water,  and  ^arl-diic  acid  !••  :  lie  solution,  half  tin-  |»o- 

tassiun  M  carlionatr.  and  a  granular  prrrij.itatr  o!'  acid  urate 

of  pota-h.  K.II.<  '  II   \   «  •  .    — i.  ;  •  -  '.    i.      UriOl       ;.  ' 

ml    the    formula  of  the    arid    lUelf  (OJLN.O.)  SDOllM    l.r  written 

HJ 

\N  lirn  uric  acid  is  added  by  degrees  to  strong  nitric  acid,  it  di— 
with  •  :md  evolution  of  heat;  the  solution.  «.n   ooolL 

posits  .1  crystals  of  a  substance  call-  <    II  \  <>    .\\hich 

may  be  represented  a-  f«»rmnl  1>\   the  oxidation  of  the  in 
ing  to  the  following  e«niatiou — 

C4H4\4O,  -f  HNO,  +  H,0  =  C4H4N,04  -f-  CO,  -f   \          Ml  . 

Dricacid.  xao. 

Alloxan  has  the  curious  property  of  staining  the  fingers  of  a  beautiful 
<-olor,  and  its  solution  gives  an  intense  purplr  color  with  sulphate 

of  IF 

i  is  established,  l.y  means  of  alloxan,  betwren  ui  i 

and    tnea.  which   l>rr'.ni.->  important,  because  these  two   bodie-.  acc<.ui- 
i  b\   a  small  quantity  of  all-  always  found  to^rthrr  in  thr 

Alloxan  appears  \»  br  the  int.  the  OODT< 

1 1  i..n.  !'"!•  if  a  -olution  of  alloxan  be  boiled 

with  p  '  '  1  is  evolved,  and  the   a 

is  con  \  ca  by  oxidation — 

(JI.vo,    -h    21'bO,    =^     ''H.VO    =    SCO,    -f     L'Pbo. 

\»n.  l  M  A 

When  Hiilphiirrttr'l  hydro  •_',.,,  j^  p:,^..  •  ;on  o  fall 

\    thr  -.•(  :'  sulphur,  and   de; 

!  \  Os    +     H,S     =     '    !I.\(<>r     +     3H,0     -f     S. 


HIPPURIC    ACID.  647 

If  4  grains  of  alloxantine  and  T  grains  of  crystallized  alloxan  be  dis- 
solved in  hot  water,  and  80  grains  of  a  cold  saturated  solution  of  car- 
bonate of  ammonia  added,  the  carbonic  acid  is  disengaged  with  efferves- 
cence, and  the  liquid  assumes  a  brilliant  purple  color,  depositing  as  it 
cools  splendid  crystals,  wrhich  have  a  red  color  by  transmitted  light,  and 
reflect  a  play  of  green  and  gold,  like  the  wing  of  the  sun-beetle. 

This  magnificent  substance  is  known  as  mure.xide,  and  has  the  formula 

cn.Nf)o6. 

The  beautiful  color  of  murexide  has  been  applied  to  dyeing  and  calico- 
printing,  being  prepared  for  that  purpose  from  the  uric  acid  furnished 
by  guano. 

439.  Hippuric  Acid. — Another  acid  peculiar  to  the  urine,  and  found 
in  very  minute  quantity  in  human  urine,  is  hippuric  acid  (C9H9NO,),  so 
named  because  it  occurs  in  far  larger  quantity  in  the  urine  of  horses 
(7--oc,  a  liorse)  and  cows,  the  cow's  urine  }*ielding  more  than  1  per  cent, 
of  the  acid.  It  is  generally  prepared  from  cow's  urine  by  evaporating 
it  to  about  an  eighth  of  its  bulk,  and  adding  an  excess  of  hydrochloric 
acid.  On  standing,  long  prismatic  needles  of  hippuric  acid  are  deposited. 
It  is  remarkable  that  this  acid  can  be  obtained  only  from  the  urine  of 
stall-fed  cows  or  of  horses  kept  at  rest,  for  if  the  animals  are  actively 
exercised,  the  above  treatment  educes  benzoic  acid  (C7H6O2)  in  place  of 
hippuric.  Again,  only  the  fresh  urine  yields  hippuric  acid,  for  after 
putrefaction,  only  benzoic  acid  can  be  obtained  from  it.  Conversely,  if 
benzoic  acid  be  administered  to  an  animal,  it  makes  its  appearance  as 
hippuric  acid  in  the  urine. 

The  relation  between  these  two  acids  becomes  evident  when  hippuric 
acid  is  boiled  for  some  time  with  strong  hydrochloric  acid ;  on  cooling, 
the  solution  deposits  crystals  of  benzoic  acid,  and  if  the  liquid  separated 
from  these  be  evaporated,  neutralized  with  ammonia,  and  mixed  with 
alcohol,  crystals  of  glycocoll  (p.  642)  are  obtained. 

C9H9N03     +     H20     ==     C7HG02    +     C.JLN02. 

Hippuric  acid.  Benzoic  acid.  Glycocoll. 

This  result  has  been  confirmed  synthetically  by  acting  upon  the  com- 
pound resulting  from  the  action  of  glycocoll  on  oxide  of  zinc,  with 
chloride  of  benzoyle  (p.  504),  when  hippuric  acid  is  reproduced. 

Zn.2C2H4NO2     +     2(C.II.O.C1)  ZuCl2     +     2C9H9lSr03. 

Zinc-glycocoll.  Chloride  of  benzoyle.  Hippuric  acid. 

Hippuric  acid,  therefore,  may  be  represented  as  benzoyle-glycocoll, 
C2H4(C_H50)NO2.  A  very  interesting  illustration  of  the  doctrine  of 
substitution  is  connected  with  these  acids.  By  acting  upon  hippuric 
acid  with  nitric  and  sulphuric  acids,  it  is  converted  into  nitro-hippuric 
acid  by  the  substitution  of  N02  for  one  atom  of  its  hydrogen,  and  if 
this  acid  be  boiled  with  hydrochloric  acid,  it  yields  nitrobenzoic  acid, 
just  as  hippuric  yields  benzoic  acid — 

03    +    H.O 

Nitro-hippuric  acid.  Nitro-benzoic  acid.  Glycocoll. 

In  contact  with  bases,  hippuric  acid  forms  salts  of  the  general  formula 
M,C9H8NO3,  so  that  the  acid  itself  should  be  written  as  HC9H8N03. 
In  addition  to  the  organic  substances  which  have  been  already  men- 
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ed  as  occurring  in  tin*  iirin<  irk  a«-id.  mucn-.  hippuric  acid. 

creatinine),  it  al\\  •  i<>n  <>f  alkali?..  •  ;  liy 

salts,  especially  «.f  chloride  of  sodium.  ph..  -phut.-  and  sulphate  of  potash, 
an-l  i-l  ammonia. 

•  i)  of  Iniinaii  mine  may  be  tliu-  -tatcd  — 

Wnt-r,  956.80 

........       : 

.......        0.87 

M  0.16 

Hip|iuric  acid,  croatinine,  arqmonis,  coloring  >  .  .  n  . 

..iul  iinkimwn  organic  /  * 

Chloride  of  soili.iiii.     .         ..... 

i  ........       LM-J 

........          1  '.':; 

Sulphuric  at-iil,     .          ......          1  TO 


M     :uwia,     ........         U.I'J 

.......... 

!'!•''.  '.'1 

<  IIK.MISTKY  OK  \  !J,I:T  LTION, 

440.  The  ultimate  elements  of  plant  -.that  is.  the  substances  with  which 
plants  must  In;  suppliiMl  in  bn€  t-Tin  OF  Other,  t..  -.u-tain  their  -jr..  \\tli, 
are  carbon,  hydrogen,  nitro^t-ii,  oxygen,  sulphur.  ph..spl,«.ni-.  chlorine, 
silicon,  potassium,  sodium,  calcium,  ma^ni  -iuni.  ii<>n,  manjaix 

Of  these,  the  carbon,  hydrc.^cn,  nitrogen,  oxj'gen,  >nlphur.  ami  \>\i<>*- 
phorus  are  groiipcd  ti^rtln-r  to  form   the  various  organic  c 
I'm  ni-hcd  liy  plant-,  the  remaining  elements  being  arranged 
in  the  following  forms  : 

Chlorides  of  potassium  and  sodium. 

Sulphate  of  lime. 

Silicates  of  potash  and  soda, 

Phosphates  <>!'  ir«n  (manganese?),  lime,  magnesia,  and  ammonia, 

Compound-  of  potash,  SOda,  and   lime,  with  vegetable  acid-. 

Plants  are  capable  -it  her  in  tin-  form  of  gM  through 

-trumeii1  their  lea\i--.  01  in  -.•lution  by  their  roots. 

.\hich    i-    their  most   important    constituent    a.s  regards 
.    tity.  i-  taken  up  in  th«  »»th  these  organs 

Of  the  plant       Thiscarbonie  aci  'her  |V..m  t!,. 

atmosphere,  or  from  the  <1.  ic  matters  e..ntain»-«l  in  the 

soil  which  surrom  M,t-  of  the  plant. 

liylro^ni  i-  derived    partly  from  water   and  partly  troin    the    am- 
ni'.nia  which  -I  d'.wn    t"  t1  ..f  the  plant    by  rain,  01 

1  inn  and  decay  of  the  n 

«.f  the  soil.      The  ammonia  aUo  f-.  nn-   "DC  great  s  theniti< 

in  |  :  her  beinu  the  nitric  or  nitron-  arid.  whicU  i-  either  bnmulit 

down  by  the  rain,  or   formed  within    the    -..il  b\    the   nitrification   of  the 

\-  to  the  o\\urrii.  it    i-  obtained  both  from   tin- 
bonic  acid  a:  .  \\  Inch  contain    this    element    in    larger  pn.j.ort  ion 

••srllt    in    all\     \e-el:ib|e    p|..dl|<'t. 

The  sulphur   and  pho-phoriis   contained    in    tl  ,rts  of  the 

pl:n  tO  be  Ohl<  ilphalc-  an.  I  j  .-s  of 

•  il. 

Mid    the    metal-.  ai 
tueli'-  of  the  -<.il. 
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It  is  not  difficult  to  imagine  the  course  of  formation  of  a  fertile  soil 
from  a  primary  rock  (of  granite,  for  example)  under  the  influence  of  the 
atmosphere  and  rain,  exerted  through  a  very  long  period. 

It  will  be  remembered  that  granite  consists  essentially  of  quartz 
(silica),  feldspar  (silicate  of  alumina  and  potash  or  soda),  and  mica 
(silicates  of  alumina,  iron,  potash,  and  magnesia)  ;  in  addition  to  these 
there  may  always  be  found  in  granite  minute  quantities  of  phosphate  of 
lime,  of  sulphates,  of  chlorides,  and  of  manganese. 

By  the  disintegration  of  such  a  rock  under  the  action  of  air  and  mois- 
ture (p.  319),  a  soil  will  be  formed  containing  the  various  mineral  sub- 
stances required  for  the  food  of  the  plant.  If  now,  upon  the  thin  layer 
of  soil  thus  formed  over  the  face  of  the  rock,  some  seeds  of  the  lower 
orders  of  plants,  the  lichens,  for  instance,  be  deposited,  they  will  grow 
and  fructify,  deriving  their  carbon,  hydrogen,  nitrogen,  and  oxygen 
from  the  air  and  rain,  and  their  mineral  constituents  from  the  soil.  The 
death  of  these  lichens  would  add  new  elements  of  fertility  to  the  soil,  in 
the  shape  of  the  food  which  they  had  condensed  from  the  air,  and  of  the 
saline  ingredients  which  had  been  converted  within  their  organizations 
into  forms  better  suited  to  sustain  the  higher  orders  of  plants.  Given, 
then,  the  seeds  of  a  higher  vegetation,  a  similar  process  may  be  sup- 
posed to  take  place,  and  at  length  animals  would  be  attracted  to  the 
spot  by  the  prospect  of  vegetable  food,  and  by  transporting  to  it  ele- 
ments which  they  had  derived  from  other  sources,  would  eventually 
confer  upon  it  the  highest  fertility.  The  soil  then  coming  under  tillage, 
the  crops  raised  upon  it  are  consumed  by  animals  and  removed  to  a  dis- 
tance, so  that  the  mineral  food  contained  in  the  soil  is  by  degrees  ex- 
hausted, and  unless  it  is  restored  the  soil  becomes  barren. 

To  restore  its  fertiltty  is  the  object  of  manuring,  which  consists  in 
adding  to  the  soil  some  substance  which  shall  itself  serve  directly  as 
food  for  the  plant,  or  shall  so  modify,  by  chemical  action,  some  material 
already  present  in  the  soil,  as  to  convert  it  into  a  state  in  which  the 
plant  may  take  advantage  of  it. 

As  examples  of  substances  which  are  added  as  direct  food  for  plants, 
may  be  enumerated  : 

(1.)  The  ashes  of  peat,  turf,  coal,  &c.,  which  furnish  the  mineral  sub- 
stances originally  obtained  from  the  soil  by  the  vegetables  from  which 
these  materials  were  formed. 

(2.)  Gypsum,  or  sulphate  of  lime,  and  sulphate  of  magnesia,  which 
appear  to  be  valuable  not  only  as  sources  of  sulphur,  calcium,  and  mag- 
nesium, but  because  they  are  capable  of  decomposing  the  carbonate  of 
ammonia,  which  is  either  brought  down  by  rain  or  evolved  by  putrefac- 
tion in  the  soil,  and  of  converting  it  into  sulphate  of  ammonia  which  is 
retained  in  the  soil,  whereas  the  carbonate,  being  a  volatile  salt,  would 
be  again  exhaled  into  the  air  and  lost  to  the  plants. 

(3.)  Phosphate  of  lime,  or  bone-ash,  which  is  most  commonly  con- 
verted into  the  soluble  superphosphate  of  lime  (p.  257)  by  treatment 
with  sulphuric  acid,  before  being  employed  as  a  manure. 

(4.)  Chloride  of  sodium,  or  common  salt,  serves  as  a  source  of  sodium, 
for  in  contact  with  the  carbonate  of  lime,  which  is  found  in  all  fertile 
soils,  it  is  partly  converted  into  carbonate  of  soda,  which  may  in  turn 
be  converted  into  silicate  of  soda,  or  any  other  salt  of  that  alkali  nec- 
essary to  the  growth  of  the  plant. 

(5.)  Nitrate  of  soda  (Peruvian  nitre)  is  held  to  be  of  great  service  in 
some  cases,  as  yielding  both  soda  and  nitrogen  in  a  form  serviceable  to 
the  plant. 
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la,  which  i  ially  useful  to 

CrOp6  Which,   like   t! :-  00   "f  silica 

ill  tin                                                         !i  that  .,11'  'aim  d  ill  abundance 

iii  :ill  soiU.  it   is  nut  available  lor  tin-  plant  in                             -I  into  a  soluble 
•  mbination  with  an  alkali. 

Bnlpbmlaof  amoiontt  /derived  from  the  gas-works)  is,  of  course, 

Useful  Add    Mli'l    | 

a  soil.  \\ould  Obi  iously 

riirnish  t'ooi  |  |",,r  other  plants  l,y  their  ^ra-lnal  putrefaction  ami  'It-cay. 

<-s,  which  fiirn  :!id  ammonia  by  the  putrefac- 

r  -elatinous  matter,  as  well  as  a  large  supply  iateof 

lime. 

(10.)    Trim-,  yielding  much  carbonate   of  ammonia  by  tin-  & 

BfM  ami  uric  i  an  abundance  of  tin-  phosphates  and 

otlu-r  salim-  matters  require*!  by  the  plant. 

xcremeii^  ..us .animals,  e.-nf ainini:   'I"'    insoluble 

••eially    phosphat,^  i    Of  the    animal's    food,   as    well    as    easily 
i  I  lie  organic  matters  yielding  much  ammonia  and  sulphu 
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(Hiano.  the  duni:  of  ,  .Is,  which  ow. 

'.In.-  partly  to  the  larj;<'  proportion  ofurate  of  ammonia  an-1  other 
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of  phosphate.,  ami  salts  of  tin-  alUal: 
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The  chief  siil--  ployed  t-  .•licinically  upon  th n-tit- 

ncnts  of  the   soil,  so  as  t  'hem  more  s,.rvieeal»le  to  the  plant,  is 

'  hich  modifies    in    a  very  important   manner  Loth   the   organic  and 
mineral    portions    of  the   soil.      Its   action    upon   the  lorn 

'in-  its  decay,  ami  the  conversion  of  its  elements  into  t  lio-e  form-. 
.  ammonia,  and    nitric  acid,  in  which  they  may 

be  Of  service  to  the  plant.      I'pon  the  inorganic  constituents  of  the  soil 
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tain  the  alkalies  (such  as  feldspar),  and  thus  converting 
them  into  soluble  forms. 

In  sonic   OMM    fertility  is    restored   to   an    ap:  xhaiiste.l 

without  the  addition  of  manure,  l.y  allowing  i'    to   lie    fallow  f..r  a  time, 
so    that,   under    the    influence    of  the    air    and    moisture,    such    chemical 

in    it    as  will  air:»in    n-pleni-h  it  with  food 
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Again. 

possibility  of  this  iitfer- 

:i  the  mineral  food  tV'.m  the  soil  by  iliiferent  OTOM^   thus 

turnips  re.|uire    much  of  the  alkalies  and  lime;    wheat,  much  alkali    and 
'.<  y,  much  lime  and  silica;  and  clover,  much  lime,  so  that  the 
soil  which  had 
enough  soluble  :ht  still  \  ield  sullicicnt  alkali  and  lin.. 
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of  turnips,  and  when  the  alkali  was  exhausted,  might  furnish  enough 
lime  to  a  crop  of  clover,  after  which,  in  consequence  of  the  chemical 
changes  allowed  by  lapse  of  time  in  the  soil,  more  of  the  original  mine- 
rals composing  it  might  have  been  decomposed  and  rendered  available 
for  a  fresh  wheat  crop. 

Another  explanation  of  the  benefit  of  systems  of  rotation  may  be 
given  in  those  cases  in  which  the  debris  of  the  preceding  crop  are  allowed 
to  remain  on  the  land.  Some  plants,  extending  their  roots  more  deeply 
into  the  soil,  avail  themselves  of  mineral  food  which  is  beyond  the  reach 
of  plants  furnished  with  shorter  roots,  and  when  the  refuse  of  the  former 
plants  is  ploughed  into  the  land,  the  surface  is  enriched  with  the  food 
collected  from  the  subsoil. 

Our  knowledge  of  the  chemical  operations  taking  place  in  the  plant, 
and  resulting  in  the  elaboration  of  the  great  variety  of  vegetable  products, 
is  very  slight  indeed.  We  appear  to  have  sufficient  evidence  that  sugar 
and  starch,  for  example,  are  constructed  in  the  plant  from  carbonic  acid 
and  water,  that  gluten  results  from  the  mutual  action  of  the  same  com- 
pounds, together  with  ammonia,  or  nitric  acid,  and  certain  sulphates 
and  phosphates,  but  what  the  intermediate  steps  in  this  conversion  may 
be  we  are  not  in  a  position  even  to  hazard  a  guess. 

All  seeds  contain  starch,  gluten,  or  some  similar  nitrogenized  sub- 
stance (legumine,  for  example),  together  with  mineral  matters,  these 
being  provided  for  the  nourishment  of  the  young  plant  until  its  organs 
are  sufficiently  developed  to  enable  it  to  procure  its  own  food  from  the 
air  or  from  the  soil. 

During  the  process  of  germination,  the  seed  absorbs  oxygen  and 
evolves  carbonic  acid,  and  since  the  albuminous  constituent  is  the  most 
mutable  substance  present,  it  is  probably  this  which  undergoes  oxida- 
tion, and  excites  the  conversion  of  the  insoluble  starch  into  soluble 
sugar.  At  this  stage  the  seed  requires,  as  is  well  known,  a  fair  supply 
of  water,  the  elements  of  which  are  required  for  the  conversion  of  the 
starch  (C6H1005)  into  sugar  (CJI^O,,)  ;  water  is  also  required  to  dissolve 
the  sugar  as  well  as  the  altered  albuminous  matter  and  the  mineral  salts, 
in  order  to  form  the  sap  of  the  embryo  plant.  These  constituents  of  the 
sap,  directed  by  the  mysterious  vital  energy  in  the  seed,  build  up  the 
root,  which  extends  itself  in  search  of  nourishment  down  into  the  soil, 
and  the  leaves,  which  discharge  a  similar  function  with  respect  to  the 
air.  As  soon  as  the  leaves  are  developed,  the  plant  becomes  able  to 
decompose  carbonic  acid,  water,  and  ammonia,  to  provide  the  organic 
components  of  its  sap.  Some  part  of  these  changes  at  least  appears  to 
to  take  place  in  the  leaves  of  the  plant,  from  which,  during  the  daytime, 
oxygen  (together  with  a  little  nitrogen)  is  continually  evolved.  The 
leaves  have  been  compared  to  the  lungs  of  animals,  the  functions  of 
which  they  reciprocate,  for  whilst,  in  the  lungs  of  animals,  an  absorption 
of  oxygen  and  an  evolution  of  carbonic  acid  is  observed,  in  the  leaves 
of  plants,  it  is  the  carbonic  acid  which  is  absorbed  and  oxygen  is  dis- 
engaged. 

In  the  dark,  plants  exhale  carbonic  acid,  but  in  much  smaller  quantity 
than  they  decompose  in  the  light. 

That  oxygen  must  be  evolved,  if  plants  construct  their  carbonaceous 
compounds  from  carbonic  acid  and  water,  is  obvious  on  reflecting  that 
all  these  compounds  contain  less  oxygen,  in  proportion  to  their  carbon 
and  h}'drogen,  than  is  contained  in  carbonic  acid  and  water. 

Thus,  we  may  conceive  the  formation  of  all  the  compounds  of  carbon 
and  hydrogen,  or  of  those  elements  with  oxygen,  which  are  met  with  in 
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invncc,  in  \arioiis  pHOpOfftftOM,  •  •!'  «  arl.onic  acid  :m.i 
i  tin*  separai  i"ii  ..!'  tin-  whole  or  a  part  of  then 
ike  an  example;  cellulose  (C,IIMOft)  would  i-.--ult   from  the 

f  6  mols.  ofcai  .  with  -eparation  of 

12  atoms  of  oxygen.  Again,  malic  acid,  C4H6O5,  would  require  4  mols. 
of  carbonic  acid  and  3  mols.  of  water,  whilst  6  atoms  of  oxygen  would 
be  set  free. 

It  is  e.pialK  easy  to  represent  the  formation  of  nit  rogenized  compounds 
from  carbonic  acid.  \\ater.  and  ainni«»nia.  with  separation  of  oxygen.  for 
tin-  nitrogen  i,,  ji||  M,,.|,  compounds  i-    present    m    M  -mall  a  mini 
e«pii\alents,  relatively  to   tin-  carbon  and    h  ydio<;,-n,  that  tin-  amount  of 
oxygen  separated   from   the  carbonic  i  \\  at  »  i  -\\oii  Id  always  far 

more  than  siitlice  to  convert  the  whole  of  tin-  livdro-r,-,,  ,,f  the  ammonia 
into  water,  c\cn  if  this  hydrogen  did  not  itself  take  part  in  tin-  : 

:   ill.-  compound.     Suppose,  for  instance,  that   the  format  ion  of 
quinine  is  to  be  accounted  for  — 

20CO,    -h     9H,0     +     i>MIs    =     C.H^N.O,    +     04T. 

If  sulphur  be  a  constituent  of  the  vegetable  compound  to  be  formed. 
ival-le  that  the  sulphuric  acid  derived  from  the  sulphates 
present  in  the  soil  should  co-i.p.-rate  with  the  carbonic  acid,  water,  and 
ammonia. 

If  the  composition  of  gluten  be  correct  Iv  represented  by  the  formula. 
(  H  .  N  <>  .,S.  the  cijuatiou  e\|.laiuing  its  formation  from  the  above 
constituents  of  the  food  of  the  plant  would  be  writ! 

108CO,    -f    44H,0    +    _;\11      -f    SO,    =    CI-H-lNfl01,S     -f    O^ 


•  •liemieal  tendency  of  vegetables,  therefore,  is  to  reduce  to  a 

-late  ..f  oxidation  the  substances  presented  in  their  food,  whilst 

animals  exhibit  a  reciprocal  tendency  to  oxidi/e  the  materials  on  which 

VViti.  to  the  last  stn^e  in  the  existence  of  the  plant,  the  rip.., 

the  fruit,  we  know  a  little  more  concerning  the  chemical  changes 
which  it   involves. 

Most   fruits,  in   their  unripe  condition,  contain  cellulose,  stare:  . 
some  one  or   more  vegetable   acid>,   such   as    malic,  citric,  taitaric,  and 
tannic,  the  latd  V.most   invariably  presei/  .  i-inuth. 

i^'lines..  |  tgenoj   "f  the   unripe  fruit.     Th- 

in  ipc  fruits,  howi>\      .  .  a  compound  of  ,  ai  l-.n, 

tnd  o\\  -      .  '>mpositioii   .if  which  has   \> 

Be  is  <juite  insoluble  in  water,  but  during  the  ripening 

of  the  fruit   it  undergo,-  s  a  ehaii^e  induced  by  I  :  id>.  and  i> 

1     II    <  >  .,.  \\hieh  is  capable  of  dissnlvinu'  in  water, 
-COUS  solution.      As  the  matniat 

'       i  I     •  ' 
'      II    '  '      .  1  :,.<  i.  arc   solnl.le  in  I.oilii.  \\hieh 

!'   i-  from  the  |  .f  th»->e  acids,  thd 

ire  so  easily  coi,\,.rtil.le  into  jell 

WhiUt  the  fruit  remains  -ret-n.  its  relation  to  the  atmospl,.;. 
to  be  the  same  as  that   of  the   h-a\cs.  f,,r   it    al»s..rl.s   oaH  i.  and 

;    but  when  it  fairU    begins  to  ripen.  «»xyu'en  i>  a!-- 

'"•ni  t  !ved.  whilst  I  .  and  eellu- 

lose  are  OOOT«rt  'i^ar.  under  the  intlueiM-e  of  the 
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(p.  525),  and  the  fruit  becomes  sweet.  It  has  been  already  seen  that  the 
conversion  of  starch  and  cellulose  (C6H10O.)  into  sugar  (CflH1206)  would 
simply  require  the  assimilation  of  the  elements  of  water,  so  that  the  ab- 
sorption of  oxygen  and  evolution  of  carbonic  acid  are  probably  neces- 
sary for  the  conversion  of  the  tannic  and  other  acids  into  sugar.  For 
example — 

C27H22017  +  H20  +  024  ==  2C6H120.  +  15CO2 

Tannic  acid.  Fruit-sugar. 

3C4H606  +  O3  =  C6H1206  +  3H20  +  6C02. 

Tartaric  acid. 

When  the  sugar  has  reached  the  maximum,  the  ripening  is  completed  ; 
and  if  the  fruit  be  kept  longer,  the  oxidation  takes  the  form  of  ordinary 
decay. 

The  scheme  of  natural  chemistry  would  not  be  complete  unless  provis- 
ion were  made  for  the  restoration  of  the  constituents  of  plants,  after 
death,  to  the  atmosphere  and  soil,  where  they  might  afford  food  to  new 
generations  of  plants.  Accordingly,  very  shortly  after  the  death  of  a 
plant,  if  sufficient  moisture  be  present,  the  changeable  nitrogenized 
(albuminous)  constituents  begin  to  putrefy,  and  chemical  motion  being 
thus  excited,  is  communicated  to  the  other  parts  of  the  plant,  under  the 
form  of  decay,  so  that  the  plant  is  slowly  consumed  by  the  atmospheric 
oxygen,  its  carbon  being  reconverted  into  carbonic  acid,  its  hydrogen 
into  water,  and  its  nitrogen  into  ammonia,  these  substances  being  then 
transported  in  the  atmosphere  to  living  plants  which  need  them,  while 
the  mineral  constituents  of  the  dead  plant  are  washed  into  the  soil  by 
the  rain. 

Moist  wood  is  slowly  converted  by  decay  into  a  brown  substance, 
which  has  been  called  humus,  and  forms  the  chief  part  of  the  organic 
matter  in  soils.  Alkalies  dissolve  this  substance,  and  on  the  addition  of 
an  acid  to  the  brown  solution,  a  brown  precipitate  is  obtained,  which  is 
said  to  contain  humic,  ulmic,  and  geic  acids,  but  these  substances  do  not 
crystallize,  and  their  existence  as  definite  acids  appears  to  be  somewhat 
doubtful.  Two  other  acids  of  a  similar  kind,  crenic  and  apocrenic  acids 
(*/>^,  a  well),  have  been  obtained  from  the  same  source,  and  are  also 
found  occasionally  in  mineral  waters. 

When  it  is  desired  to  preserve  wood  from  decay,  it  is  impregnated  with 
some  substance  which  shall  form  an  unchangeable  compound  with  the 
albuminous  constituents  of  the  sap.  Creasote  (p.  489)  and  corrosive 
sublimate  (kyanizing)  are  occasionally  used  for  this  purpose,  the  wood 
being  made  to  imbibe  a  diluted  solution  of  the  preservative,  either  by 
being  soaked  in  it  or  under  pressure. 

In  Boucherie's  process  for  preserving  wood,  the  natural  ascending  force 
of  the  sap  is  ingeniously  turned  to  account  in  drawing  up  the  preservative 
solution.  A  large  incision  being  made  around  the  lower  part  of  the  trunk 
of  the  growing  tree,  a  trough  of  clay  is  built  up  around  it,  and  filled  with 
a  weak  solution  of  sulphate  of  copper,  acetate  of  iron,  or  chloride  of 
calcium.  Even  after  the  tree  has  been  felled,  it  may  be  made  to  imbibe 
the  preserving  solution  whilst  in  a  horizontal  position,  by  inclosing  the 
base  of  the  trunk  in  an  impermeable  bag  supplied  with  the  liquid  from 
a  reservoir.  The  impregnation  of  the  wood  with  such  solutions  not  only 
prevents  chemical  decay,  but  renders  it  less  liable  to  the  attacks  of 
insects  and  the  growth  of  fungi. 
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HI.   l'.et\\eeii  i-t  rv  of  vegetable  and  that  of  animal  life  then- 

is  this  fundamental  distinction,  that  the  lorm^T  is  rminently  eou*tnieti\e. 
and  11  •  •  .      The  plant  supplied  with   compound-  of  the 

simple-!  kind  -   •  •  r.  and  ammonia — constructs  such  com- 

plex  substances  as  albumen   and  sugar;   whilst  the   animal.  incapable  of 
IH00  from  (he  simpler  compounds,  being  fed  with  those  of 
I    character,  conxert-  them  e\  TIM  uall\ .  for  tin-  mo-- 

into  tin-  \er\   material-  with  which   the  con-t  i  net  i\  c   work   ,,f  the   plant 
t-ommcneed.      It   i-  indeed  true,  that  some  of  the  suhMance-  <!• 
the  animal  frame,  Mich  as  tihrin  and  L'clatinous  n. 

v  many  of  the  products  of  vegetable 'life:  hut  for  the  , 
of  these   Mil. stances,  the  animal  must  reoeive  food  •OOiewluU    app: 

n   chemical   composition.      It    is    to   this    nearer  iv-emhlance 
between    the    food   of  animal-   and    the   pp. \ini:.  Ltuenti   of  their 

frame-,  th  --ril.e  the  greater  extent  of  our  knouled-,- 

on  the   -iil.j.-ct    of  the  nutrition   of  animals,  which  is,  however,  far  from 
being  comph 

The  nlhniiiii'  elcun'iits  contained  in  the  animal  body  are  the  same  as 
those  of  the  vegetable,  but    the  •    constituents  are  far  more 

mum-roil"  ami  \.-u  led, 

Tin-  boiu-s,  containinir  the  pho-phatc-  and  car!.,  mates  of  lime  and  mag- 
nesia, together  with  uri'hitiiiou-  matter,  require  that  the  animal  should  be 
supplied  with  food  \\  Inch,  like  l.ivad,  contains  abundance  of  pho-|- 
as  well  as  the  nitrogeni/ed  matter    irluten)  from  which  the  ^claimou- 
substance  may  be  formed.     In  milk,  the  food  of  the  yon  .-d.  \\<- 

have  also  the  necessary  phosphates,  whilst  the  caseine  all  "I'p'y 

of  nitrogenous  matters. 

tle-h  find",  in  the  irlutcn  of  bread  and  the  caseine  of  milk,  the 
nitrop  iistituent    from    which   its   fibrin   mi^ht    be   formed    with 

•  •MS  transformation  than   is   required  for  the   gelatinous   ma- 
bone,  since  the  composition  of  fibrin,  ^lutei  is  \cr\  -imilar. 

The  albumen    and  til.rin   of  the  blood  ha\e  also  their  counterparts    in 
the   gluten    and   caseine  of  bread   and   milk.   \\hiUt    all   the  salts   of  the 

:  .un<l  in  cither  of  these  articles  of  f« 
.d  milk,  t  iken  as  excellent    repre-eni  at  i\  c- 

.  foi  animals,  and  the  same  constituents  a  i 
in   their  tle-h   diet    by  animals    which   are  purely    carnivoroii".  but    in    a 

natural  to  8iip|>ose  that  those  parts  of  the  frame  which  contain 

i  should  be  supplied  by  those  const  it  u«Mits  of  the  food   which 
•  m  that    clement,  -nch   as  the  Starch  in    bread  and    !•    sugar 

•  in  milk. 

;e   the  too,  1   can  be   turned  to   account    for  tin  .-f  the 

illdel'.'o  .  . 

!"ini  that  it  can  be   absorbed  by  the  blood, 
which  -,   into  tin-   lun^s  to  und.  r-o  tin 

of  the  \  ; 

organs  of  the    I  utiuually  rej. aired    at  the 

."»•  of   the  constituent"  of   the   blood. 

The  fn  "i  step  towards   the  digestion  of  the  food  i"   its  disintegration. 
I    by  the  teeth  with    the  aid    of  the    .--///<•,/,  by  which  it   should   be 
a  pulpy  mas-.       I  ...    Mlhfl    .-  an    alkaline  fluid  ch:. 
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by  the  presence  of  a  peculiar  albuminous  substance  called  pty aline 
(XTOW,  to  xjrit),  which  easily  putrefies.  The  action  of  saliva  in  mastica- 
tion is  doubtless  in  great  part  a  mechanical  one,  but  it  is  possible  that 
its  alkalinity  assists  the  process  chemically,  by  partly  emulsifying  the 
fatty  portions  of  the  food.  The  liability  of  ptyaline  to  putrefaction 
favors  the  supposition  that  it  ma}*  act  in  some  way  as  a  ferment  in  pro- 
moting the  digestion. 

This  disintegration  of  the  food  is  of  course  materially  assisted  by  the 
cooking  to  which  it  has  been  previously  subjected,  the  hard  and  fibrous 
portions  having  been  thereby  softened. 

The  food  now  passes  to  the  stomach,  in  which  it  remains  for  some 
time,  at  the  temperature  of  the  body  (98°  F.),in  contact  with  the  gastric 
juice,  the  chief  chemical  agent  in  the  digestive  process. 

The  gastric  juice,  which  is  secreted  by  the  lining  membrane  of  the 
stomach,  is  an  acid  liquid,  containing  hydrochloric  and  lactic  acids.  It 
is  characterized  by  the  presence  of  a  peculiar  substance  belonging  to 
the  albuminous  class  of  bodies,  which  is  called  pepsine  (~i-rw,  to  digest), 
and  possesses  the  remarkable  power  of  enabling  dilute  acids,  by  its 
mere  presence,  to  dissolve  such  substances  as  fibrin  and  coagulated 
albumen,  which  would  resist  the  action  of  the  acid  alone  for  a  great 
length  of  time. 

An  imitation  of  the  gastric  juice  may  be  made  by  digesting  the  mu- 
cous membrane  of  the  stomach  for  some  hours  in  warm  very  dilute 
hydrochloric  acid.  The  acid  liquid  thus  obtained  is  capable  of  dissolv- 
ing meat,  curd,  &c.,  if  it  be  maintained  at  the  temperature  of  the  body. 
The  pepsine  prepared  from  the  stomach  of  the  pig  and  other  animals  is 
sometimes  administered  medicinally  in  order  to  assist  digestion. 

The  principal  change  which  the  food  suffers  by  the  action  of  the  gas- 
tric juice  is  the  conversion  of  the  fibrinous  and  albuminous  constituents 
into  soluble  forms  ;  the  starch  is  also  partly  converted  into  dextrine 
and  sugar,  but  the  fatty  constituents  are  unchanged. 

The  food  which  has  thus  been  partially  digested  in  the  stomach  is 
called  by  physiologists  clujme,  and  passes  thence  into  the  commence- 
ment of  the  intestines  (the  duodenum),  where  it  is  subjected  to  the  action 
of  two  more  chemical  agents,  the  bile  and  the  pancreatic  juice. 

Bile  consists  essentially  of  a  solution  of  two  salts  known  as  glycocho- 
late  and  taurocholate  of  soda.  Both  glycocholic  and  taurocholic  acids 
are  resinous,  and  do  not  neutralize  the  alkali,  so  that  the  bile  has  a 
strong  alkaline  character.  Another  characteristic  feature  of  this  secre- 
tion is  the  large  proportion  of  carbon  which  it  contains.  Glycocholic 
acid  has  the  composition  flCa,H48NO<,  and  contains  therefore  67  per 
cent,  of  carbon,  whilst  taurocholic  acid,  HC^H^NC^S,  contains  61  per 
cent.  The  names  of  these  acids  have  reference  to  the  circumstance  that 
they  furnish  respectively  glycocoll  and  taurine,  together  with  two  new 
acids  free  from  nitrogen,  when  they  are  boiled  with  dilute  hydrochloric 
acid — 

2HC26H42N06     +     H20     =     C48H780B    +     2C2H5N02. 

Glycocholic  acid.  Choloidic  Glycocoll. 

acid. 

HC26H44N07S     +     H20     =     C2H7N03S     +     HC24H3905. 

Taurocholic  acid.  Taurine.  Cholic  acid. 

Taurine  forms  colorless  crystals  of  great  beauty,  and  is  remarkable 
for  the  large  proportion  (above  25  per  cent.)  of  sulphur  which  it  con- 


•;:••;  BILB. 

It    also   presents   :m    interesting   example  of  a   complex   animal 
.  which  may  In-  art ifieially  prepared  in  a  very  simple  manner. 
When  olcflant  gas  is  passed  over  anhy.ln.us   sulphuric  acid,  it 

i.  and   it'  the    |.|-.H!  MOlT6<]    iii  water,  nent  rali/ed  \\itli    am- 

inonin  and  .-\  :\\«>\  at.-. I,  crystals  of 

C  II,     +     SO,     +     MI,     +     11,0  Ml  .11  0.0  II 

I-  tin  ..h.il.    ..!   .111, in   ,,.:., 

When  this  salt  is  moderately  heated,  it  loses  a  HH»UM -tile  of  water,  and 
leaves  taurinc — 

MIrHsO.C,II480,    —     H,0     =    C,H7XO,S. 

Iwlhiooate  of  ammuuia.  Tan : 

Another  characteristic  ingredient  of  the  bile  is  ,/,/  r    II    n  . 

a  crystalline  substance  somewhat  resembling  the  fats,  and  often 

ited  in  large  quantity  in   tin-  form   of  biliary  calculi.      It   has  also  been 

found  iti  peas,  wheat,  and  some  vegetable  oils. 

'I  IK-  |"  'Miliar  coloring  matter  of  the  bile  has  never  been  obtained  in  a 
pure  state. 

A   peculiar  -ubstance  called  .  <'  II    <>   i.  lias 

been  found  in  the  liver,  and  becomes  speedily  c-,,n\  erted  int«.  su^ar  alter 
death,  by  a>>imilat inn  the  elements  ,,f  u.v 

The  special  function  of  the  bile  in  the  digestion  of  the  food  has  not 
been  explained,  but  from  its  Mn.iiL'ly  alkaline  reaction  it  does  not  appear 
improbable  that  it  assists  in  the  digestion  of  fatty  sub- 

The  -   another  alkaline  secretion,  which   dil!'«-r>  from 

the  bile  in   containing  a  considerable  quantity  of  albumen,  and    (f 
putrescible.      Its  particular  oilice  in  diur-t  ion  appear-*  to  consist  in  pn.- 
iiK.tini:  tin  "n  of  the  .starchy  portions  of  tin-  food  into  stu 

•hoii^h  it  also  has  a  powerful  action   upon  tin  ;-inur  them 

to  fnnii  an  intimate  mix'  •nnUion.  with  watrr.  and  partly  sap,,n- 

ifyingthem.      The  digestion  of  the  starch  and  sugar  is  Completed  by  the 

in  the  further  pass:l-.-  of  the  food  t ' 

t«--t  ines.  s,,    that    uheii    it    arrives   in   the    small   intestines,  all   the 
soluble   matters    have  beci.ine  ei.nverted   into  a  thin  milky  liquid    called 
.  which  has  next  to  be  separated  mechanically  from  the  insoluble  p,,r- 
s,  such  as  woody  fibre.  Ac.,  which  ai-  1  tVoiu  the  1-idy. 

aratioil  is  in    the   small    intestinrs    by  mean-  ..f   two 

distinct  sets  of  vessels,  one  of  which  (the  :d.s,,ri,s  the 

dissolved  star.-hy  portion^  of  the  food,  and  conveys  them  to  the  liver. 
\\ln-nee  tli.-y  an-  afterwards  t  raiisf.-i  i  rd  to  the  ri^ht  auricle  of  tin-  In-art. 
The  other  set  of  vessel-  i  tatt\  n 

and  con\r\  s   thriii.  through  the  thoracic   duct,  into  the  siibcla\  ian  vein. 

irt 

,i  the  riudit  auricle  this  imperfV-et  blood   pasv,-s  into  the  ri-jht   \en- 

•irt,  and  is  there  mixed  with  the  blood  rcturiicil    fnun  the 

body  by  ti  havinir    fulfilled  is    functions    in    the 

i.      Tin-    :  •.  hich  ha-  the  iisnnl  dark-brown  c..|or  ,,f  \,.|i«.us 

blond,  is    :  •  ion  of  t  i  into   tin-    lun^s, 

in    immense    number  of  e\t  reim-Iy  tine 

vessels  trn  .  m   contact   with  the  minute   tul»es   contain- 

ing  the    inspired   air.  so  that    the  venous    blood  is  only  separated    from 


,*A4,  Mb; 
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the  air  by  very  thin  and  moist  membranes.  Through  these  membranes 
the  dark  venous  blood  gives  up  the  carbonic  acid  with  which  it  had  be- 
come charged  by  the  oxidation  of  the  carbon  of  the  organs,  in  its  pas- 
sage through  the  body,  and  acquires,  in  return,  about  an  equal  volume 
of  oxygen,  which  converts  it  into  the  bright  crimson  arterial  blood.  In 
this  state  it  returns  to  the  left  side  of  the  heart,  whence  it  is  conveyed, 
by  the  arteries,  to  the  different  organs  of  the  body. 

The  chemistry  of  the  changes  effected  and  suffered  by  the  blood  in 
its  circulation  through  the  body  is  very  imperfectly  understood.  One 
of  its  great  offices  is  the  supply  of  the  oxygen  necessary  to  oxidize  the 
components  of  the  various  organs,  and  thus  to  evolve  the  heat  which 
maintains  the  body  at  its  high  temperature.  The  results  of  the  oxida- 
tion of  these  organs  are  undoubtedly  very  numerous ;  among  them  we 
may  trace  carbonic  (CO.,),  sulphuric  (SO3),  phosphoric  (P2O.),  lactic 
(CSH603),  butyric  (C4HSO2),  and  uric  (C6H4N4Of)  acids,  as  well  as  urea 
(CH4X2O),  and  some  other  substances.  The  destroyed  tissues  must  at 
the  same  time  be  replaced  by  the  deposition,  from  the  blood,  of  fresh 
particles  similar  to  those  which  have  been  oxidized.  In  the  course  of 
the  blood  through  the  circulation,  the  above  products  of  oxidation  have 
to  be  removed  from  it — the  carbonic  acid  by  the  lungs  and  skin — the 
sulphuric,  phosphoric,  and  uric  acids,  and  the  urea,  by  the  kidneys. 

The  various  liquid  secretions  of  the  body,  such  as  the  bile,  the  saliva, 
the  gastric  juice,  &c.,  have  also  to  be  elaborated  from  the  blood  during 
its  circulation  through  the  arteries,  after  which  it  returns,  by  the  veins, 
to  the  heart,  to  have  its  composition  restored  by  the  matters  derived 
from  the  food,  and  to  be  reconverted  into  arterial  blood  in  the  lungs. 

When  it  is  remembered  that  the  body  is  exposed  to  very  considerable 
variations  of  external  heat  and  cold,  a  question  occurs  as  to  the  pro- 
vision made  for  maintaining  it  at  its  uniform  temperature.  This  is 
effected  through  the  agenc}-  of  the  fat  which  is  deposited  in  all  the 
organs  of  the  body.  Since  fatty  substances  in  general  are  particularly 
rich  in  carbon  and  hydrogen,  their  oxidation  within  the  body  would  be 
attended  with  the  production  of  more  heat  than  that  of  those  parts  of 
the  organs  which  contain  much  nitrogen  and  oxygen.  Accordingly, 
when  the  body  is  exposed  to  a  low  temperature,  a  larger  quantity  of  its 
fat  is  consumed  by  the  oxidizing  action  of  the  blood,  and  a  correspond- 
ing increase  takes  place  in  the  amount  of  heat  evolved,  thus  compensat- 
ing for  the  greater  loss  of  heat  suffered  by  the  body  in  the  cooler  atmos- 
phere. Of  course,  in  cold  weather,  when  more  oxj'gen  is  required  to 
maintain  the  heat  of  the  frame,  a  larger  quantity  of  that  gas  is  inhaled 
at  each  breath,  on  account  of  the  higher  specific  gravity  of  the  air,  in 
addition  to  which  we  have  the  quickened  respiration  which  always  at- 
tends exposure  to  cold. 

To  supply  this  extra  demand  for  carbon  and  hydrogen  in  cold  weather, 
we  instinctively  have  recourse  to  such  substances  as  fat,  starch,  sugar, 
&c.,  which  contain  those  elements  in  large  proportion,  and  these  aliments, 
free  from  nitrogen,  are  often  spoken  of  as  the  respiratory  constituents 
of  food;  whilst  flesh,  gluten,  albumen,  &c.,  which  contain  nitrogen,  are 
styled  the  plastic  elements  of  nutrition  (Mavw,  to  form}. 

Bearing  in  mind  that  the  food  has  a  twofold  office — to  nourish  the  frame 
and  to  maintain  the  animal  heat — it  will  be  evident  that  a  judiciously 
regulated  diet  will  contain  due  proportions  of  those  nitrogenous  con- 
stituents, such  as  albumen,  fibrin,  and  caseine,  which  serve  to  supply 
the  waste  of  the  organs,  and  of  such  non-nitrogenized  bodies  as  starch 

42 
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and  sugar,  from  which  fat  may  be  elaborated  to  sustain  the  bodily 

warmth. 

proportion  which  these  two  parts  of  the  food  should  bear  to  each 

,.1  upon  tin-  particular  munition  of  exist*  i 

in  the  animal.     Tim-,  for  a  growing  animal,  a  larger  proportion  of  the 
en  pla-tic  port  ion  of  food  would  be  required  than  lor  an 
1 1 al  whose  growth  had  ceased:  ami  animals  exposed  to  a  low  tem- 
perature would  require  more  of  the  non-nitrogenized  or  heat-giving  por- 
tions of  the  food. 

rdingly,  we  find  that  a  man-can  live  upon  a  diet  \\hi.-h  .-..iitain- 
(as  in  the  case  of  wheaten  bread)  five  parts  of  non-nit :  1  (-tar* -h 

and  sugar)  to  one  part  of  nitrogen ized  food  (glut.  st  an  in: 

whose   increasing   organs    require    more    nitrogen 
upon  milk,  in  which  this  amounts  to  one  part  (caseine)  for  every 

ie  non-nitroireni/ed  portion  (milk-sugar  an« I  : 
inhabitants  of  cold   climates  consume,  as  is  well    known,  much 
more  oil  .ml   !:it   1  han  those  of  t  he  temperate  and  hot   r.-i, 

A  n  examination  of  the  composition  of  different  articles  of  food  affords 
us  an  explanation  of  the  custom  whir1.  ace  has  warranted,  of 

associating  particular  varieties  of  food.  Thus,  assuming  as  our  standard 
of  comparison  the  composition  of  bread,  which  contains  one  of  nutri- 
tive to  the  of  heat-i:i\  inur  matter,  the  propriety  of  associating  the  fol- 
lowing kind-  of  fo..d  will  be  apprecia 


I IT 

.toes,.         ...  10 

1 8 

\Venl 0.1 

Uon 

. 


All   muscular  or   mental    exertion   is  attended  with   a  correspomlin-.' 
ion  of  the  tissues  of  the  frame,  just  as  each  movement  ofasteam- 

•  1  to  the  combustion  of  a  proportionate  «piai.' 

coal  under  the  nd   hence  Mich  exertion   both   creates  a  (1*: 

for  fooil,  and  <[  -it  ion  to  obtain  an  increased  -upply  of 

liment    has  proved  that   the  proportion  which  the  oxygen 
sinned  in  : 

much  upon  the  nature  of  the  food.       I  an  animal  fed  upon  vc- 

di  a-  -larch  and  >H::MI  •  u'en  in  which  . 

the   hydro-en    into  water),  will   turn    nearly  all    t: 

.  the  volume   of 

ial  to  th:  -.\liidi  disappears  at 

each  inspiration  :  luit   when  lle-h.  Of  part  i.-ular!-  ..n-nme«l.  much 

••f    tin- 
food  into  water,  so  that   the  volnn.  -  than 

iniiiial  has  been 

.   the    proportion    l.etueeu    the 

Volume    of    the  .    I-    the 

:Mich  aa  its 

llesl,  alone  is  now  supporting  it-  -n. 
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CHANGES  IN  THE  ANIMAL  BODY  AFTER,  DEATH. 

442.  After  the  death  of  animals,  just  as  after  that  of  plants,  their 
component  parts  are  reduced  to  the  primary  forms  from  which  they  were 
derived,  so  that  they  may  begin  again  at  the  foot  of  the  ascending  scale 
of  life.  Very  soon  after  life  is  extinct,  the  atmospheric  oxygen  begins 
to  induce  a  change  in  some  of  the  nitrogenous  constituents,  and  this 
change  is  soon  communicated  to  all  parts  of  the  bod}7,  which  undergo  a 
putrefaction  or  metamorphosis,  of  which  the  ultimate  results  are  the 
conversion  of  the  carbon  into  carbonic  acid,  the  hydrogen  into  water, 
the  nitrogen  into  ammonia,  nitrous  and  nitric  acids,  and  the  sulphur 
into  sulphuretted  hydrogen  and  sulphuric  acid.  The  mineral  constitu- 
ents of  the  animal  frame  then  mingle  with  the  surrounding  soil,  and  are 
ready  to  take  part  in  the  nourishment  of  plants,  which  construct  the 
organic  components  of  their  frames  from  the  carbonic  acid  and  ammonia 
furnished  by  the  putrefaction  of  the  animal,  and  then  serve  in  their  turn 
as  sustenance  for  animals  whose  respiration  supplies  the  air  with  car- 
bonic acid,  and  takes  in  exchange  the  oxygen  eliminated  by  the  plant. 

The  functions  of  the  two  divisions  of  animate  nature  are,  therefore, 
perfectly  reciprocal,  and  this  relationship  must  be  regarded  as  the  foun- 
dation of  economical  agriculture. 

If  it  were  possible  to  prevent  the  change  of  the  atmosphere,  it  is  quite 
conceivable  that  a  perpetual  succession  of  plants  and  animals  could  be 
raised  upon  a  given  farm  without  any  importation  of  food,  provided  that 
there  was  also  no  exportation.  Or  even,  permitting  an  exportation  of 
food,  the  succession  of  plants  and  animals  raised  upon  the  same  land 
might  be  at  least,  a  very  long  one.  if  the  solid  and  liquid  excrements  of 
the  animals,  to  feed  whom  this  exportation  took  place,  were  restored  to 
the  land  upon  which  this  food  was  raised.  The  explanation  of  this  is, 
that  the  solid  and  liquid  excrements  of  the  animal  contain  a  very  large 
proportion  of  the  mineral  constituents  of  the  soil,  in  the  very  state  in 
which  they  are  best  fitted  for  assimilation  by  the  crop,  and  as  long  as 
the  soil  contains  the  requisite  supply  of  mineral  food,  the  plant  can  de- 
rive its  organic  constituents  from  the  atmosphere  itself. 

Forasmuch,  however,  as  the  vegetable  and  animal  food  produced  upon 
a  farm  is  general!}'  exported  to  feed  the  dwellers  in  towns,  whose  excre- 
ments cannot,  without  excessive  outlay,  be  returned  to  the  soil  whence 
the  food  was  derived,  it  becomes  necessary  for  the  agriculturist  to  pur- 
chase farm-yard  manure,  guano,  &c.,  in  order  to  prevent  the  exhaustion 
of  his  soil.  A  great  manufacturing  country,  in  which  the  majority  of 
the  inhabitants  are  congregated  in  very  large  numbers  around  a  few 
centres  of  industry,  at  a  distance  from  the  land  under  tillage,  is  thus  of 
necessity  dependent  for  a  considerable  proportion  of  its  food  upon  more 
thinly  populated  countries  where  manufactures  do  not  flourish,  to  which 
it  exports  in  return  the  produce  of  the  labor  which  it  feeds. 

The  parts  of  the  frames  of  animals  differ  very  considerably  in  their 
tendency  to  putrefaction.  The  blood  and  muscular  flesh  undergo  this 
change  most  readily,  as  being  the  most  complex  parts  of  the  body,  whilst 
the  fat  remain^  unchanged  for  a  much  longer  period,  and  the  bones  and 
hair  will  also  resist  putrefaction  for  a  great  length  of  time. 

The  comparative  stability  of  the  fat  is  observed  in  the  bodies  of  ani- 
mals which  have  been  buried  for  some  time  in  a  very  wet  situation,  when 
they  are  often  found  converted  almost  entirely  into  a  mass  of  adipocere, 
consisting  of  the  stearic  and  margaric  acids  derived  from  the  fat. 


NATURE   OF   PUTREFACTION. 

When  an  animal  bod\  iy  be  preserved  un- 

changed for  :mv  I. -u-tli  of  time,  and  tin-  i-  the  -inij  t€  methods 

adopt, -d    for  the    preMTTmUon  «•!'  :iniin:il   !'«..,!.  I  •••.•.  >m  in_'    far  Bbfl  efflOfr 

•  IH.--1  with  the  use  of*  septic  substance,  such  as 

salt,  sugar,  *| 

*  of  salt  and  sugar  are  sometimes  ascribed  to 

the   at'  .-xerted    l.y   them   u|M»ii    moisture,    which   they  withdraw 

from  the  flesh,  whilst  spices  owe  their  .-  |x>wer  to  the  es- 

oils,  which   appear  t<>  have  a  specific  action   in  arresting  ferae  ir 
change,  a  character  which  also  belongs  to  creasote,  carbolic  acid.  and 

-•our  in  tin-  MIX >ke  of  wood,  well 
its  rllicacy  in  niiual  m.-r 

rocess  COiiuu'tnly  adopted  tor  the  j»n-.rrvati«»n  ot'  animal  and  vege- 
table 1  .:  them  with  a  little  water  in  tin 
which  are  sealed  air-tight  as  soon  as  the  steam  has  expelled  all  i 
and  if  the  organic  matter  lie  perfect ly  fiv-di.  thi-  mode  of  p*6Mn 
i>  found   very  successful,  thoti-h.  if  putret'aetion  has  once  COIIIIIK 
r  so  slight  an  extent,  it   will  continue  even   in  the   >rah-d  OM 
(jnite  indepeiidnith  of  the  air. 

di-elosod    a    urreat     imperleetion    in    our 

ae'juaintaiK-e  with  tin-  conditions  under  which  <-n  take- 

and  appear  to  indicate  the  pre-ence    in  the  'ne  minute 

solid    particles  which  appear  to   I.e  inii. 

power  of  inducing  the  :mur»'.     It  has  been 

found  that  milk  iple,  max   IM- kept   lor  a  \  cry  e-  .n-i-ln  -aMe  i 

without  putretX  iiii;.  if  it  In-  l.oil.-d  in  a  lla-k.  the  neck  of  whi- 

•  •d    \\itli   .  -.1,  whiUt.  if  the  ping  of  e< 

\\ool  l.c  omitted,  the  other  conditions  being  precisely  the  same,  putiv- 
ii  will  tan  -p«'cdily. 

fn->h  animal  mat  .r  a  length 

of  time   iii   that   state,  in  vessels  containing  air  which  has  i.een  passed 

.  d-hot    tubes   with   the   view  of  de-t  royiiii:   any    liviii:: 
which  mijjht  l»c  pre-  -m-h  sulistanccN  h:.  -und  to  j 

as  soon  as  tin   nnpurifled  air  was  allowed  access  to  them. 

The  extremes  of  the  scale  of  animated  .\Mrnce  would  app« 
here.     The  highest  forms  of  organ i/id  matter  imm<  death, 

i  some  of  the  lowest  orders  of  living  gen  help- 

ing to  resolve  matter  into  tl»  r  forms  of  cm 

.!lnosphiTc.  the   ur" 

of  living  matt 
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ATOMIC     WEIGHTS. 


Aluminum,  . 

.     .     Al 

27.5 

Molybdenum,    .     . 

Mo 

96 

Antimony,   . 

.     .     Sb 

122 

Ni 

59 

Arsenic,  .     . 

.     .     As 

75 

Niobium,      .     .     . 

Nb 

94 

Barium,    . 

.     .     Ba 

137 

N 

14 

Bismuth,  .     . 

.     .     Bi 

210 

Osmium,.     .     .     . 

Os 

199 

Boron,      .     . 

.     .     B 

10.9 

Oxygen,  .... 

0 

16 

Bromine,  .     . 

.     .     Br 

80 

•Palladium,    .     .     . 

Pd 

106.5 

Cadmium,     . 

.    .     Cd 

112 

•Phosphorus,      .     . 

P 

31 

Caesium,  .     . 

.    .     Cs 

133 

Platinum,     .     .     . 

Pt 

197.1 

Calcium,  .     . 

.     .     Ca 

40 

Potassium,  .     .     . 

K 

39.1 

Carbon,    .     . 

.     .     C 

12 

Rhodium,     .     .     . 

Ro 

104.3 

Cerium,    . 

.     .     Ce 

92 

.Rubidium,    .     .     . 

Rb 

85.3 

Chlorine,  . 

.     .     Cl 

35.5 

Ruthenium,  .     .     . 

Ru 

104.2 

Chromium,  . 

.     .     Cr 

52.5 

Selenium, 

Se 

79.5 

Cobalt,     .     . 

.     .     Co 

59 

Silicon,    .... 

Si 

28 

Copper,    .     . 

.     .     Cu 

63.5 

Silver,      .... 

Ag 

108 

Diclymium,  . 

.     .     Di 

96 

Sodium         ... 

Na 

23 

Erbium,   .     . 

.     .     E 

112.6 

Strontium,   .     .     . 

Sr 

87.5 

Fluorine,  .     . 

.     .     F 

19 

Sulphur,  .... 

S 

32 

Glucinum,     . 

.     .     G 

9.5 

Tantalum,     .     .     . 

Ta 

182 

Gold,  .     .     . 

Au 

196.6 

Tellurium 

Te 

129 

Hydrogen,    . 

.     .     H 

1 

Thallium,      .     .     . 

Tl 

204 

Indium,    .     . 

.     .     In 

75.6 

vThorinum,    .     .     . 

Th 

238  , 

Iodine, 

.     .     I 

127 

Tin,     

Sn 

118 

Iridium,  .     . 

.     .     Ir 

197.1 

Titanium,     .     .     . 

Ti 

50 

Iron,    . 

Fe 

56 

Tungsten 

W 

184 

Lanthanium, 

.     .     La 

92. 

Uranium,      .     .     . 

u 

120 

Lead,  . 

Pb 

207 

"Vanadium 

y 

51.3 

Lithium,  . 

.     .     L 

7 

Yttrium,  .... 

Y 

61.7 

Magnesium,. 

.    .    Mg 

24.3 

Zinc,    .     .     .     .     . 

Zn 

65 

Manganese,  . 

.     .     Mn 

55 

Zirconium,   .     .     . 

Zr 

89.5 

Mercury,  . 

.     .     Hg 

200 
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Abel's  experiments  on  gun-cotton,  534 
fuse-composition,  380 
gun-cotton  pulp,  530 
Acetal,  580 
Acetamide,  575 
Acetic  acid,  HC2H302,  495 

artificial  formation,  559 
formed  from  alcohol,  521 
formed  from  citric,  614 
glacial,  HC2H302|  590 
purification,  495 
synthesis  of.  593 
anhydride,  CiHeOa,  590 
ether,  548 
oxychloride,  590 
peroxide,  591 
Acetification,  521 
Acetine,  606 
Acetone,  C.{HfiO,  589 

diethylated,  594 
dimethylated,  594 
ethylated,  594 
methylated,  594 
properties,  589 
Acetones,  582 
Acetonitrile,  575 
Acetyle,  581 

chloride,  590 
peroxide,  591 
urea,  646 
Acetylene,  C2H2>  122 

copper  test  for,  122 
detection  in  coal-gas,  142 
formed  from  olefiant  gas,  142 
preparation  from  coal-gas,  122 

ether,  124 
properties,  124 
silver  precipitate,  123 
synthesis,  122 

Acetylide  of  copper,  preparation,  123 
potassium,  124 
sodium,  124 
Acid,  58 

definition,  43 
etymology  of,  43 
of  sugar,  609 
unitary  definition,  287 
Acids,  acrylic  series  of,  GnR-in—iQ'i,  601 
anhydrous,  75 
aromatic,  489,  571 
dibasic,  constitution,  287 

unitary  definition,  287 
hydrated,  75 


Acids,  monobasic,  constitution,  287 

unitary  definition,  287 
Acids  of  the  acetic  series,  541 
lactic  series,  586 
organic,  constitution,  590 
oxalic  series  of,  605 
polybasic,  550 
tribute,  constitution,  287 

unitary  definition,  287 
vegetable.  608 
volatile,  separation,  595 
water-type  view  of,  288 
Acidulous  waters,  82 
Aconitic  acid,  614 
Aconitine,  563 
Acrylic  acid,  HC;iH»02,  601 
Actinic  rays  of  light,  180 
Adapter,  122 
Additive  formulae,  116 
Adipic  acid,  605 
Adipocere,  659 
Aerated  bread,  523 
After-damp,  107 
Ag,  silver,  393 
AgBr,  bromide  of  silver,  397 
AgCl,  chloride  of  silver,  397 
Agl,  iodide  of  silver,  397 
AgN03,  nitrate  of  silver,  396 
Ag20,  oxide  of  silver,  396 
Agriculture,  economy  of,  659 
Ag2S,  sulphide  of  silver,  398 
Agate,  142 
Aich-metal,  375 

Air,  analysis  of  by  eudiometer,  67 
by  nitric  oxide,  170 
by  phosphorus,  88 
by  pyrogallic  acid,  617 
atmospheric,  87 

benzolized  for  illuminating,  138 
burnt  in  coal-gas,  135 
candle  test  applied  to,  107 
effect  of  combustion  on,  107 
effect  of  electric  sparks  on,  162 
eudiometric  analysis,  67 
exact  analysis  by  copper,  88 
germs  of  life  in,  660 
proportion  of  ammonia  in,  152 
Al,  aluminum,  318 
Al._>0;i,  alumina,  321 
Alabaster,  312 

oriental,  80 
Alhite,  324 
Albumen  of  blood,  639 


564 


IHDBX, 


Alcarsin,  555 
Alcohol,  C.H.O.  543 
absolute.  643 

.  501) 
am'.x  538 

.  584 

benioie.  584 
en  pry  lie.  AM 

a,  «07 

chemical  .  552 

•definition,  640 

•MM 

from  milk,  034 

mrtl  405 

.  548 

doubled  formulae,  547 
synthesis,  552 

view.  552 

Alcoholic  I*  519 

Alcohol*  at.  i  i liven,  539 

MO 

diatomic,  584 
general  propertied,  540 
muna 

table  of.  539 
polyatomi. 
triat 

vapor  .Irn.MtieiK,  540 

Aldehyde,  ae,  •».  579 

ammo,..    Ml    • 

h«M 

butyi 

en  pry  lie.  582 

chemical  constitution,  580 

cinnamic,  584 

cuminic.  584 

enodic.  582 

formation  in  vinegar-making,  521 

lauri> 

cenantbic,  582 

preparation,  580 

580 

pr<>|>intii<\  682 
pyromiicie,  692 
resit. 

682 
•alieylic,  684 

Aldehyde*.  679 

action  on  a  mine*.  684 
derivation  from  alcohol*,  640 
Alder-wood,  eompo*ition 
Ale,  composition,  620 
Alg»roth.  ,-. 

ne.  artificial.  626 
Alkali,  defr 

manufacture.  297 
metal*,  group  of,  908 
work-  'it ,  187 

Alkaline  earth  metals,  general  review.  316 
Alkaloid*,  ' 

mined.  5fi9 
organic.  Ml 

MOB  of,  618 

I,X:04.  646 

AIIOI,,,.!    r.,    -       II       N,        ,,«4« 

:     I-        •  - 

eerie*.  !><>* 
ralphide,  508 


Allyle,  *ulphocyanide.  608 

Allylene.  609 
Allylic  alcohol.  509 

al.lrhy.le.  A01 
Almond  cake,  603 

•'•05 

Almond*.  503 
Aloe*.  609 

399 
Alum,  319 

ba*ic,  321 
concentrated,  320 
In  bread.  624 
•kale.  320 
MM, 

Alumina.  AI^Oj.  321 
acetate.  689 

action  of  fluoride  of  silicon  on,  218 
hydrate,  322 
phosphate*.  325 
lilicate*.  323 
sulphate.  320 
Alumiuite,  280 
Aluminum,  Al,  318 

•n  on  water.  46 
and  copper 
bronr. 
chloride.  AI;CI«,  322 

. .  500 

extraction,  322 
fluoride,  218 

propertie*.  323 

Alums,  245. 

Amalgam  for  electrical  machines,  400 

of  ammonium,  159 

of  sodium.  169 
Amalgamating  line  plate- 
Amalgamation  of  gold  ores,  432 
of  silver  ores,  393 


Am  klfMM,    IM 
Amarine.  61 


592 
501 

Amttkytt,  142.  358 
Amides,  conntitution,  670 
formation,  574 
of  phosphoric  nei-l.  -71 
Amidide  of  potas*ium.  670 
Amidodiphenyllmide,  488 

Ammonia,  SHS,  162 

absorbed  bj  charcoal.  90 

absorption  by  water. 

action  of  iodine  on.  213 

-»lu., 

and  chlorine,  182 

arsenit*.  270 

a*  f<><  153 

bicarbonate.  303 

carbonate  (Nil,)  A  CO*  303 
common  carbonate  2(NH|)iO.3CO;. 

decomposed  by  the  *park.  168 

exploMuii  wiih  oxygen.   102 
formation  from  nitric  acid,  100 
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Ammonia,  gas,  dried,  156 

preparation,  153 

group  of  hydrogen  compounds,  279 
hydriodate,  213.  305 
hydrobromate,  305 
hydrochlorate,  NII.t.HCl,  153 
properties,  304 
hydrosulphnte,  NH:).HyS,  305 
hyposulphite,  305 
identified,  154 

in  waters,  examination  for,  404 
isethionate,  656 
liquefied,  156 
molybdate,  421 
muriate,  304 
Nessler's  test  for,  404 
nitrate,  169 

decomposed  by  heut,  169 
preparation,  169 
nitrification  of,  162 
oxalate  (NH.,)2C204,  610 
properties,  154 
proportion  in  air,  152 
salts,  302 
sesquicarbonate,  2(NH4) .,,0.3C02, 

303 
solution,  determination  of  strength, 

155 

solution,  specific  gravity,  155 
sources  of,  1 53 
sulphate  (NHihO.S03f  303 
unite,  645 
volcanic,  300 
Ammoniacal  liquor,  478 

extraction    of    ammonia 

from,  153 
Ammoniacum,  509 
Ammonia  meter,  155 
Ammonias,  complex,  564 

ethylated,  564 

Ammoniated  chloride  of  silver,  156 
Ammonide,  sulphuric  (NHahSOu,  302 
Ammonium,  NHj,  302 

amalgam,  159 
bisulphide.  305 
bromide,  305 
chloride,  304 

properties,  304 
heptasulphide,  305 
iodide,  305 
oxide  (NII4),0,  302 
pentasulphide,  305 
sulphide  (NH+)2S,  305 

yellow,  305 

sulphocyanide  prepared,  251 
theory,  158 
Amorphous,  93 
Amorphous  phosphorus,  260 
Amygdaline,  503 
Amylacetic  (oenanthic)  acid,  594 
Amylamine,  567,  572 
Amyle,  C5Hn.  546 
acetate,  579 
valerianate,  579 
Amylene,  542 
Amylene-glycol,  587 
Amylethylic  ether,  551 
Amylic  alcohol,  C5Hi.20,  538 
Amylic  iodide,  546 

Analysis  of  gaseous  hydrocarbons,  139 
of  marsh-gas,  139 
organic,  113 

calculation  of,  114 


At/fit f/ff,  419 
Aiicaflfr  stone,  442 
Anchoic  acid,  605 
Angelic  acid,  601 
A>tg^nt9,fbO.SOa,  391 
Anhydride,  acetic,  590 

benzoacetic,  591 
benzoic,  504 
carbonic,  116 
lactic,  634 
nitric,  168 
phosphoric,  265 
sulphuric,  243 
sulphurous,  235 
tartaric,  611 

Anhydrides  of  organic  acids,  590 
Anhydrous,  56 
Anhydrous  ncids,  75 
Aniline,  CHH7N,  484 
black,  487 
blue,  487 

constitution,  572 
colors,  485 
constitution,  564 
-green,  487 
-purple,  485 
-red.  485 

constitution,  571 
salts,  487 
test  for,  485 
-violet,  487 

constitution,  572 
-yellow,  486 
Animal  charcoal,  98 

chemistry,  632 
heat,  657 

Animals,  and  plants,  reciprocity  of,  659 
changes  after  death,  659 
destructive  functions  of,  654 
nutrition  of,  654 
oxidizing  functions  of,  652 
ultimate  elements  of,  654 
Animi  resin,  501 

Aniseed,  essential  oil  of,  505,  584 
Anisic  acid,  505,  584 

alcohol,  584 

Anisyle  hydride,  505,  584 
Annul  to,  625 

AnselPs  fire-damp  indicator,  128 
AtUhracite,  101 

composition,  101,  463 
production  of  flame  from,  118 
Antichlore,  234,  246 
Anticorroeive  caps,  196 
Antimonic  acid,  Sb20j,  409 
Antimonietted  hydrogen,  410 
Antimony,  Sb,  4*07 

action  on  water.  45 

amorphous,  408 

antimoniate   of    teroxide,    Sb20;{, 

Sb205,  409 
butter  of,  410 
chlorosulphide,  411 
crocus,  408 
crude,  Sb2S3,  408 
detected,  230,  410 
extraction  in  the  laboratory,  408 
glass  of,  411 
gray  ore  of,  Sb2S:i,  411 
ore,  red,  Sb20;{.2Sb2S;5,  411 

white,  Sb205.  409 
oxide,  Sb20;i,  409 
oxycbloride,  411 


INM:\. 


Antimony,  oxtiulphide.  411 

p*;,  -bcii,  4ii 

pentasulphtde.  Sb;Sj.  411 
polassio-tartrate,  All 
regulns,  408 

•    Nf.fie-l.     411 


lerchloride.  SbCI,.  411 
Wroxide,  Sb,O,.  409 
lenalphi-lr.    Ill 
tested  fur  lead  and  iron,  412 

.  il.-.n.  247,  411 

Antiseptic  properties  of  earbolio  acid,  490 
kresylic  acid,  491 
itulpbtiroua  acid,  234 
Ants,  acid  ef.  571 

oil  of,  592 
Apttiu.  250 
Apocrenic  acid,  653 

1.  579 

A'|  .  water  of  crystallisation,  74 
Aquafortis,  1*5 
regia,  2<>5 
Arabine.  511 

acid,  541 

Arbor  Diana*,  400 
Archil,  627 
Argand  lamp,  136 
Argent-  acetjle.  chloride  of,  124 

oxide  of.    : 
Argent-allylene,  509 
Argillaceous  iron  ores,  33$ 
Argol,  291.  610 
Arrack.  538 

Arragonite,  CaO.COj,  311 
Arrowroot,  5V* 
Arsenitw,  278 

nnl  ratio  of,  286 
Arsenic,  As,  272 

ipbide,  281 

combining  volume,  272 
detection,  279 
extraction,  273 

extraction  from  organie  matters,  290 
in  copper.  422 
native.  273 
oxidr 

penta»alphide,  288 
snbsnlphiii- 
sulphidex 
part    ,n,i,-  in 

t  *•  r  <  *  [  .  •  •  r  i  I  »•     „  *•  (  ' 

tr,tlu..ride,  281 

281 
pbidt,  281 

tri...h«ii.|.,  562 

275 
Artenie  acid,  A^»i.  278 

•,    of  hydro.ulphunc  acid 

;,     ,          ,ri       \.\.       --..• 


soap,  277 
Anwnic  entit. 


Araenietted  kjrdrogeo,  AsH«.  279 

decomposed  by  beat,  279 
Arse  i. 

•     55» 


Areeoio  trieibyle.  559 

-thyle.  659 
Arsenious  acid.  A»iOs.  274 

action  of  ammonia  on,  276 
ehlorine  on,  280 
hydrochloric  a«id 

on,  280 
hydrosulpburicacid 

on.  281 

bebarior  with  water,  275 
oomr 

erystallint- 
identified,  274 
opaque,  275 
smallest  fstal  dose.  276 

J76 

ritreous,  275 

Arseniurettod  or  arsenietled  hydrogen.  279 
A«.  arsenie,  272 
A**t* 

-«nietted  bydregen.  279 
Anbes  of  eoal.  101 
AsjOs,  artenious  acid.  274 
As^s.  arsenic  acid,  278 
Atparagine,  614 
AsparMgun,  529 
Aipartio  acid,  614 
Asaafoetida,  509 

essential  oil  of,  546 
Assay  of  gold  by  eupellation,  434 

Atmolysis.  52 

Atmosphere,  composition.  87 
Atmospheric  air.  87 

Atmospheric  germ*  of  putrefaction,  660 
Atom,  definition.  41 
etymology,  41 

Atomic  formula),  types  of.  190 
Atomic  heat,  definition.  42 

of  magnesium,  319 
Atomic  beats.  42 

•f  compound  bodies.  317 
oxygen,  hydrogen,  an  I 

g*n.  42 

potassium,  sodium,  and  lith- 
ium 

Atomicities,  classification  by,  281 
Atomicity,  190 

importance  in  theory,  283 
notation  of,  283 
Atomic  theory,  41 
weight,  41 

of  sulpha r 
• 

hemical.  definition,  SS 
1.  430 
AuCU.  terohloride  of  gold,  435 

\u/H  435 
Autogenous  soldering,  238 

Mir.-.  628 
etymology,  152 


B.  boron,  149 
Bn.  burium,  308 

barium,  310 

Balloon 
Balaam  - 
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Balsams,  500 

Bunoa  tin,  414 

BaO,  baryta,  309 

BaO.CO-2,  carbonate  of  baryta,  309 

BaO.N,05,  nitrate  of  baryta,  309 

BaO.SO;i,  sulphate  of  baryta,  309 

Barilla,  296 

Bar-iron,  best,  345 

composition,  345 
crystalline,  347 
fibrous,  347 
manufacture,  341 
Barium,  Ba,  308 

action  on  water,  44 
binoxide.  310 
chloride,  BaCl2,  310 
equivalent  and  atomic  weights,  318 
sulphide,  309 
Barley  sugar,  528 
Baryta,  BaO,  309 

carbonate,  309 

preparation    from    heavy 

spar,  309 
chlorate,  310 
hydrate,  BaO.H20,  309 
hypophosphite,  268 
in  glass,  438 
nitrate,  BaO.N203,  309 
sulphate,  309 

decomposition,  309 
sulphovinate,  550 
Bnrytocalcite,  311 
Basalt,  324 
Base,  definition,  59 
Basicity  of  acids  determined,  288 
Basic  oxides,  59 
Bassorine,  512 
Basylous,  282 
Buthgate  coal,  497 
Batk  ftone,  441 
Baths,  photographic,  recovery  of  silver  from, 

397 

Battery,  galvanic,  37 
Baume's  flux,  446 

Bauxite,  extraction  of  aluminum  from,  322 
Baysalt,  296 
Beans,  inosite  in,  641 
Bear,  422 
Beef  tea,  641 
Beehive  shelf,  44 
Beer,  composition,  520 
ropy,  521 
sparkling,  1 10 
Beeswax,  607 
Bell  metal,  374,  416 
Bengal  saltpetre.,  KN03,  443 
Benic  acid,  541 
Benzamide,  575 
Benzoacetic  anhydride,  591 
Benzoic  acid,  HC-H502.  502 

in  cow's  urine,  647 
alcohol,  505,  584 
anhydride,  504 
peroxide,  591 
Benzoin,  gum,  502 
Benzoine,  504 
Benzole  or  benzine,  C6H6,  484 

action  of  nitric  acid  on,  167 
chloride  of,  484 
Benzoline,  592 
Benzolized  air,  138 
Benzone,  584 
Benzonitrile,  575 


Benzophenone,  584 
Benzoyle,  C7H50,  504 

compounds,  504 
glycocoll,  647 
hydride,  504 
peroxide,  591 
snlicylamide,  576 
salicyle,  506 
series,  504 
Benzoyle-urea,  645 
Benzureide,  645 
Benzylamine,  584 
Benzyle,  chloride,  584 
Bergamotte,  essential  oil  of,  499 
Beryl,  325 

Bessemer's  process  (iron),  346 
Bezoars,  617 
Bi,  bismuth,  405 
Bibasic  acids,  constitution,  288 
Biborate  of  soda,  300 
Bibromosuccinic  acid,  612 
Bicarbonate  of  lime,  78 

soda,  Na2O.H20.2C02!  299 
Bicarbonates,  115 
Bichloracetic  acid,  589 
Bi-equivalent  elements,  191 
Bile,  655 
Bimetantimoniate  of  potash,  409 

soda,  409 
Binary  formulae.  75 

theory  of  acids,  286 
salts,  286 

Binoxide  of  hydrogen,  84 
nitrogen,  170 

Bi20;j,  bismuthic  oxide,  406 
Birch,  essential  oil  of.  499 
BijS.i,  bismuthic  sulphide,  407 
Biscuit  porcelain,  440 
Bismuth,  Bi,  405 

action  on  water,  45 
glance,,  407 
impurities,  406 
nitrate,  Bi203.3N205,  407 
ochre,  407  " 
oxides,  406 
oxychloride,  407 
sulphide,  407 
telluride,  255 
terchloride,  BiCI3,  407 
trisnitrate.  407 
Bismuthic  acid,  407 
Bistearine,  599 

Bistilphate  of  potash,  K2O.H,>0  2SO.,.  163 
Bisulphide  of  carbon  in  coal-gas,  252 
Bisulphite?,  234 
Bisulphuret  of  carbon,  249 
Bitter  almond  oil,  C7H(iO,  502 
Bittern.  205,  296 
Bituminous  coal,  101 
Bixine,  625 
Black  ash,  297 

liquor,  treatment,  299 
Blncl-l>and,  333 
Black  dyes,  630 
Blacking,  vitriol  in,  241 
Black  lead,  93 

crucibles,  94 
vitriol,  377 
wash,  404 
Blast  furnace,  836 

chemical  changes  in,  336 
i,  337 
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Blasting  with  gunpowder,  467 
Bleaching  bv 

chlorine.  184 


sulphurous  acid,  188 

ler,  184 
Bleach  killed.  134 
M  4*  bfl,  111 

1  *teel.  349 
>..  414 
Blood,  880 

action  or  oxygen  on,  088 
aeration  of.  038 
coagulation  of.  037 
defibrinaud.  037 
formation  from  food,  054.  056 
globule*.  • 

venom  and  arterial,  030 
Bloom  (iron),  344 
Bloomery  forge,  353 
Blowers  in  coal-mines,  128 
Blowpipe,  cupellation  with,  38ft 
flame,  138 

blant.  139 
oxy-bydrogen,  70 
reduction  of  metals  by,  139 
table,  140 
test  for  lithium,  300 

potassium.  294 
sodium,  300 
Blue  brick*.  441 
copperas,  376 
dye.* 

fire  composition,  197 
flowers,  coloring  matter  of,  025 
malaektl*.  3A7 
metal  (copper),  371 
oxide  of  molybdenum.  421 

tungsten,  420 
pill,  399 
pots,  94 

Prussian,  Fe«Fcjs,  40ft 
stone,  370 
Tbenard's,  302 
Tun  * 
vrrditrr. 

I,  370 

water  of  copper  mines,  371 
writing-paper,  316 
B,0i,  boracic  acid,  149 
Bodies  of  animals,  putrefaction  of,  059 
Bogkrad  ennttfl.  497 
Boiler  fluid.  arsenical,  277 

tationt,  78 
Boiling  meat,  041 
Boiling-point,  definition.  84 
Boiling-points  of  bensole  series,  479 
s  (iron),  340 


*MM 

I:  i..-  i-i    .'  •• 

as  manure.  060 
black,  98 
earth,  as  manure,  050 

food,  054 

Bone*,  ammonia  furnished  by,  672 
M  manure.  060 
composition,  260 

nation,  98 

rry»tals.  160 
manufacture,  149 


Boracic  acid,  tribaaic. 

ritreons.  150 
anb^ 

-    549 

laffiines,  149 
Borant 
Borates.  160 

<>al  ratio  of,  188 
Borax,  Na^^BjO^  149,  800 

tided,  301 

III    It. 'I  I. !.•!'!!-.•       .    "" 

refining.  300 

ritrefted.  301 
Boric  etbide.  600 
mrthi.le,  500 

Borneo  camphor,  500 
Borofluorio  acid,  219 
Borofluorides.  219 
Boron,  B.  149 

amorphous.  151 

chloride.  BCI,.  203 

crystal  lite' I 

diamond.  151 

fluoride.  BF5.  219 

graphitoid.  151 

terfluoride,  219 
Botany  Bay  gum,  490 

Boncberie'a  process  for  preserving  wood,  063 
Bouquet  of  wine*,  638 
Boyle's  fuming  liquor,  306 
Br,  bromine 
Brandy,  538 
Brass,  374 

for  engraving,  374 

gun- 

preparation,  374 
Brassic  acid.  001 
BraunUf,  Mn,O*  868 
Brasil  wood.  020 
BiMd,  Ml 

aerated.  528 

new  and  stale,  618 
Brewing,  618 
Bricks,  441 

••!'!  MMM ft,  ••"- 

Bright 

...ia  metal,  '• 
Briiinh  brandy,  638 

Bromates,  207 

Bromine,  Br.  205 

action  on  potash,  206 

i    208 
etymology.  10ft 

in  waters,  205 

-.  200 
207 
Bromoform 

!.  012 

annealing  of,  410 
powder,  419 


INDEX. 


669 


Bronzing,  375 
Brookite,  419 

Brown  acid  (sulphuric),  240 
blaze,  331 
coal,  100 
dyes,  630 
hcematite,  334 
Brucine,  563 
Br ncite,,  315 
Brunolic  acid,  479 
Brunswick  green,  378 
Bubbles,  explosive,  65 
Buckskin,  616 
Bug-poison,  402 
Building  materials,  441 

stone,  effect  of  air  of  towns  on,  442 

preservation  of,  442 
Bullets,  rifle,  387 

shrapnel,  387 
Burner,  air-gas,  136 

Bunsen's,  136 
gauze,  137 
hot-air,  136 
ring,  83 
rosette,  83 

Burners,  smokeless,  136 
Burnett's  disinfecting  fluid,  331 
Burnt  iron,  :U7 
Butic  acid.  541,  606 
Butine,  C.fn'> 
Butter,  606 
Buttermilk,  633 

preparation  of,  633 
Butylactic  acid,  586 
Butylamine,  572 
Butyle,  C4H9,  546 
-nmyle,  546 
-caproyle,  546 
-sulphocyanide,  509 
Butylene,  542 

-glycol,  587 
Butylic  alcohol,  539 
Butyramide,  575 
Butyric  acid,  HC4H702,  541,  592 

formed  from  citric,  614 
synthesis  of.  573 
two  rational  formulae  of,  594 
ether,  579 
Butyrine,  606 
Butyrone,  582 
Butyryle,  582 

-urea,  645 


C,  carbon,  91 

Ca,  calcium,  311 

Cacao-butter,  622 

CaCl2,  chloride  of  calcium,  313 

Cadet's  fuming  liquor,  555 

Cadmia,  CdS,  331 

Cadmium,  Cd,  331 

carbonate,  331 
identified,  331 
iodide,  331 
oxide,  331 
sulphide,  CdS,  331 
vapor  density,  331 

Caesia,  308 

carbonate,  308 

Caesium,  307 

platinochloride,  426 

Caen-stone,  442 

CaF2,  fluoride  of  calcium,  214 


Caffeic  acid,  621 
Caffeine,  CsHi0N402,  563 

chemical  constitution,  623 
extraction  of,  622 
formed  from  theobromine,  623 
Caffeone,  621 
Cairngorm  stones,  142 
Caking-coal,  101 
Ca/amine,  ZnO.CO_>,  327 

electric,  327 
Calcareous  waters,  78 
Calcium,  Ca.  311 
Calcium,  action  on  water,  44 
bisulphide,  231 
chloride,  CaCl2,  313 
equivalent  and  atomic  weights,  318 
fluoride,  CaF2,  214 
oxychloride,  184,  313 
pentasulphide,  231 
phosphide,  270 
sulphide,  298 
Calc-spar,  311 

Calculation  of  formulae,  160 
Calico-printing,  631 
Calomel,  HgCI,  403 
Calorific  intensity,  460 
Cameos,  142 

Camomile,  essential  oil  of,  499 
Camphene,  137,  498 
Camphilene,  498 
Campholic  acid,  601 
Camphor,  CioIIiiiO,  500 
artificial,  498 
oil  of,  500 
Camphors,  500 
Camphorimide,  576 
Candle,  chemistry  of,  133 
Candles,  598 

composite,  598,  601 
Cane-sugar,  Ci2H2.2On,  526 

action  of  yeast  on,  519 
composition,  528 
Cannel  gas,  composition,  141 
CaO,  lime,  311 

CaO.C02,  carbonate  of  lime,  311 
CaO.O,  oxalate  of  lime,  609 
:  CaO.SO;!,  sulphate  of  lime,  312 
Caoutchine,  510 
Caoutchouc,  509 

artificial,  506 
in  plant  juices,  511 
solvents  for,  510 
Cap  composition,  475 
Capric  (rutic)  acid,  541 
Caprine,  606 
Caproic  acid,  541 

alcohol,  539 
Caproine,  606 
Caproyle,  C6Hi3,  546 
Caproylene,  542 
Caprylene,  542 
Caprylic  acid,  541 

alcohol,  539,  606 
Capsicine,  563 
Caramel,  528 

Caraway,  essential  oil  of,  499 
Carbazotic  acid,  490 
Carbolic  acid,  C»;H,;0,  489 
Carbolic  acid,  antiseptic  character,  660 

tests  of  purity,  489 
Carbon,  C,  91 

and  hydrogen,  121 
oxygen,  57 
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Carbon,  atomicity.  191 

121 

201 
ehr<  n«  of,  98 

chlor: 

detr 

91 

il  properties.  96 

'  -,CU.  200 
•nbci 

DM  in  metallurgy.  99 
Carbonate  of  baryta  and  lim.- 
.e  and  coda. 
in  water*.  78 
natural  source*  of,  103 
Carbonate.  115 

additive  formula-.  1 10 
alkaline. 

I.  286 

subotitutire  formulae,  1 10 
Carbon,  bin.  249 

burnt    to    carbonic    oxide,    calorific 

calorific  intensity  calculated,  460 
calorific  r»lue,  99,  459 

!.y  volume,  202 
•   of  elementa,  151,  283 

li.|iii.l  .-«•.,, uichloride,  CCI*  102 
oxych  i...  202 

oxysulphide.  252 
protochloride.  f.-CI..  201 
Carbonic  acid,  CO 

absorption  bj  water,  109 

annlyM-  ,,f.   ilT 

composition  by  volum. 

decomposed  by  carbon.  1 17 

poU**ium,  1 17 

exp.- 

of     propylic     acid 
.  559 

formed  in  combustion.  102 
>    102 
t    102 
107 

1 12 

separation  from  other  gases,  1  IS 

synthesis  of.  91 
C-rbonio  anhydride,  lift 

by  cuprous   cblo- 
rid.  W4 

heated  metallic  ox- 

cat'  • 

formed  from  »team,  1 18 

u; 

low  of  heal   in   furnn.  • 
t.  463 


Carbonic  oxide,  metallnr,; 

poisonous  pr<>|  <•  •  i.  -    i  i  - 
preparation     from     carbonic 

preparation  from  ferrocyanide 

of  potatoium,  119 
preparation  from  oxalie  acid, 

III 

propertirx. 
Carbonisation,  91 
Carbonising  fermentation.  99 
Carbotriamine,  571 
Carbovinate  of  potash,  550 
Carburetted  hydrogen,   127 

s,  628 

Carmine  lake,  628 
Cartninic  acid.  628 

Carre's  freezing  apparatus,  156 

Carthnmine,  625 

Cartilage,  642 

Case-hardening,  351 

Caseine.  635 

vegetable,  522,  635 

Cassia,  essential  oil,  505 

Cutf  i  417 

Cast  iron,  composition  of,  339 
for  ordnance,  341 
fusing 
g«v 

malleable,  351 
iD- 
phosphorus  in.  339 

specific  gravity.  341 

sul|.r. 

Taric 

whit. 

Castor  oil.  606 

irawn,  606 
j  Cast  steel,  350 

..-ens,  352 
Catalysis,  85,  552 
Oateeha 

alkali.  44 
etymology  of,  44 

soda,  299 
Cd.  eadmiu.. 
Cedar-wood.  essential  oil,  500 

I,  497 
529 

Cellulose,  (' 

'•24 

Cement  for  earth.- 

•oees,  848 

theory  of,  349 
ugar  drain. 

oxalate,  315 
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Cerium,  oxides,  326 

Ceroleine,  608 

Cerotene,  542 

Cerotic  acid,  541,  607 

Cerotine,  607 

Ceruse,  389 

Cerylic  alcohol,  539,  607 

Cetine,  607 

Cetyle,  C16R:»,  607 

series,  607 
Cetylene,  542 
Cetylic  alcohol,  539 

ether,  607 
CH:),  methyle,  495 
CH4,  marsh  gas,  127 
CH40,  methylic  alcohol,  495 
C-,ll>,  acetylene,  122 
C..IU,  olefiant  gas,  125 
C,-H4CI2,  Dutch  liquid,  125 
C-jll.-,,  ethyle,  .r)4ti 
C4Hi00,  ethar,  544 
C,II60,  alcohol,  543 
C(iH.-,,  phenyle,  488 
C(iH,;,  benzole,  484 
C,;H7N,  aniline,  484 
C7H.-,0,  henzoyle,  504 
Cidlls,  naphthaline,  491 
C/taleeftony,  142 
Chalk,  CaO.Co2,  311 

decomposed  by  sodium,  117 
in  waters,  78 
precipitated,  196 
Chalybeate  waters,  82,  354 
Chameleon  mineral,  359 
Champagne,  537 
Charbon  roux,  447 
Charcoal,  absorption  of  gases  by,  96 

action  of  steam  on,  119 

alder,  composition,  447 

animal,  98 

as  fuel,  99 

ash,  448 

burning,  95 

combustion  of,  99 

decolorizing  properties,  97 

deodorizing  properties,  96 

examination,  448 

for  gunpowder,  447 

oxidized  by  nitric  acid,  165 

preparation  in  the  laboratory,  458 

prepared  at  different  temperature.*, 
447 

properties  of,  96 

retort,  95 

suffocation,  118 

wood,  94 

Charring  by  steam,  447 
Cheese,  633 
Cheltenham  water,  82 
Chemical  equivalent,  definition,  43 
Chemistry,  definition,  33 
Checks,  prepared  paper  for,  516 
Ckessyltte,  378 

Chevreul's  investigations,  595 
Chili  sa/tpntre,  NaN03,  443 
Chill-casting.  341 
Chimney,  hot  air,  for  lamps,  136 

use  of,  in  lamps,  136 

ventilation  by,  107 
Chimneys  on  fire  extinguished,  233 
Chinese  wax,  607 
Chlonaphthalise,  CmCln,  202 
Chloracetic  acid,  HC2H2C102,  589 


Chloracetene,  583 
Chloral,  C2HC1H0,  578 
Chloralum,  322 
Chloranile,  621  ~ 

Chloraniline,  574 
Chlorate  of  baryta,  310 

potash,  KCIO;j,  194 

action  of  heat  on,  197 
sulphuric  acid 

on,  198 

and  sugar  inflamed,  199 
Chlorate  of  potash  burnt  in  coal-gas,  197 
preparation,  194 
preparation  of  oxygen 

from,  63 
Chlorates,  196 

normal  ratio  of,  286 
Chlorhydrine,  599 

of  glycol,  585 
Chloric  acid,  194 

hydrated,  196 
ether,  548 
peroxide,  Cl02>  198 

Chloride  of  aluminum  and  sodium,  323 
ammonium,  NH4C1,  153 
calcium  tube,  114 
lime,  184 

constitution  of,  184 
spontaneous  decomposi- 
tion, 199 
nitrogen,  203 

preparation,  204 
potassium,  solubility  of,  414 
soda,  194 
sodium,  295 
sulphuryle,  234 
thionyle,  234 
Chlorine,  Cl,  176 

action  on  ammonia,  182 

hydrosulphuric  acid,  229 
leaves,  184 
sal  ammoniac,  204 
water,  182 
and  hydrogen,   179 

exploded    by    sun 

light,  !8<) 
exploded   by  spark, 

180 

atomicity  of,  191 
bleaching  by,  183 
chemical  relations  of,  178 
disinfecting  properties,  185 
etymology,  179 
experiments  with,  179 
group  of  elements,  219,  2S.°, 
hydrate,   17!» 
liquefied,  170 
occurrence  in  nature,  176 
oxides,   192 

composition    by    volume, 

200 

general  review,  200 
oxidizing  action,   183 
peroxide,  198 
preparation.  177 
properties,  178 
taper  in.  183 
water,  178 
Chlorite.,  324 
Chlorites,  200 
Chlorobenzole,  484 
Chlorocarbonic  acid,  COC12,  202 

atomic  constitution,  284 
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Cbloroebromie  aei.l.  365 
573 

Cbloronitroos  g«J.  205 

le     1!^ 

6M 

400 

'  .  199 
Chocolate.  622 

,HnO.  656 
656 

,-  nci.J.  655 

'••42 

Cbr-»m.it««,  normal  ratio  of,  286 
of  le..  : 

of  potaih.  364 
alaio.  365 

CkrvM'  !  ••'».  3to 

Cnrone-yellnw.  I'i 
.it  Mid,  Cr<> 

action    of    hy.lr 

on,  190 
Chromium,  Cr,  363 

•  n  on  water.  46 
-J65 

-,  366 
\i.lc.  3A5 

Mi-r  '.t»5 

CbryMDilioe.  486 

<25 
378 

656 
665 

,  i  bnrk.  619 
563 
extraction  of,  6 IV 

'.00 
:    606 
606 
1.  ebtmUtry  of,  657 

6tS 

176 
Clark'*  proecw  for  sofUniog  water,  81 

M9 
ClayioK  »0far,  627 

>roo«ton«.  averaff*  yield,  337 
kidoej  fora,  334 

193 

: 

..      117 
99 


Coal,  a«h  of,  in  I 

Bathgal*.  497 
100 

oompoflition  of.  463 
Boghead.  497 

caking,  101 

c«nn< 

combustion  of.   ' 
ooiii,  l'i| 

formation  of.  99 
mines,  fire-damp  of,  128 

product*  of  combustion,  101 

ttone.  101 

:.  100 
Welri 

oompo«ition  >.f.   in 
manufnoture,  478 

effect  on  chemiftrj,  477 
pariflc»ti(.il 
removal    of   bisulphide   of   carbon 

from,  252 

Coal- naphtha,  treatment  of,  481 
Coal-U 

•  .llation  of.  481 
dye*  from,  485 
Coarse  copprr 

Coarse- metal  (copper),  CuFeSj.  369 
Cobnl: 

action  on  water,  45 
arteniate,  273 

hluoin  ',,273 

chl 

commercial  oxide,  preparati-  :. 

ozidt- 
pboiiphnte 

•eptir  nickel,  361 

362 

Cocnine,  563 
Cocculu,  Indioas,  607 

.1.  629 
Coeblearia,  oil  of,  509 

541 

Cocoa,  622 
Cocoanat  oil,  604 
563 

extraction,  618 
Cod-ln 
.    Bee,  o   nipositi  >n    621 

,,.  39 

Coke.  I 

-am  on,  119 

!i,  463 

made.  536 


197 
.„'  matters,  animal.  629 

vegetable,  624 
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Columbite,  422 
Columbium,  422 
Colza  oil,  605 
Combination  by  volume,  67 

definition,  33 

Combined  carbon  in  cast  iron,  340 
Combining  proportions,  661 
Combustibles  and  supporters,  reciprocity  of, 

70,  185 

Combustion,  acetylene  formed  in,  122 
definition,  55 
formation  of  carbonic  acid  in, 

102 

-furnace,  114 
in  air,  definition,  55 
in  confined  air,  106 
in  oxygen,  55 
temperature  of,  460 
Common  salt,  NaCI,  2'J5 
Composition  and  constitution,  496 
Compound  and  mixture,  distinction,  90 

definition,  33 
Compressed  gases,  70 
Concrete,  443 
Condenser,  Liebig's,  83 
Condurritc,  273 
Condy's  disinfecting  fluid,  360 
Coniine,  563 

constitution,  569 
Constitution  of  salts,  284 
Converting  furnace,  348 
Converting  vessel,  Bessemer's,  346 
Cooking,  641 
Copal,  501 
Copper,  Cu,  367 

acetylide,  123 

action  of  nitric  acid  on,  1 66 

on  ammonia  and  air,  376 
on  water,  45 
alloys  of,  374 
amalgam,  400 
amraonio-sulphate,  377 
Anglesea,  371 
arsenite,  277 
basic  acetate,  589 

carbonates,  367,  378 
phosphates,  378 
best  selected,  369 
blistered,  370 
chlorides,  378 
cleaned,  376 
detected  in  lead,  386 
dry, 370 

effect  of  impurities  on,  372 
phosphorus  on,  372 
sea-water  on,  373 
electric  conductivity  of,  372 
electrotype,  372 
tuner  old,  378 

extraction  in  laboratory.  371 
fusing-point,  373 
glance.  Cu2S,  367 
hydrated  oxide,  376 
hydride,  2(58 
Lake  Superior,  372 
lead  in,  371 
metallurgy  of,  367 
moss,  370 
native,  367 
ore,  gray,  367 
red,  3(57 
variegated,  367 
ores,  367 


Copper  ores,  fusion  for  coarse  metal,  368 
white  metal,  369 
roasting,  367 
treatment  of,  for  silver,  393 

overpoled,  371 

oxide,  CuO,  375 

oxides,  375 

oxycbloride,  373,  378 

peacock,  367 

pentasulphide,  379 

phosphide,  270,  379 

poling  or  toughening,  370 

precipitated,  123 

properties  of,  372 

pyrites,  CuFe2S,  367 

quadrant-oxide,  376 

reduced  by  hydrogen,  70 

refining,  370 

rose,  371 

sand,  367 

separated  from  silver,  394 

silicates,  378 

smelting,    composition    of    products 
from,  371 

smelting,  summary  of,  367 

smoke,  368 

Spanish,  372 

subchloride,  Cu2Cl2,  378 

suboxide.  Cu20,  376 

subsulphide,  Cu2S,  379 

sulphate,  CuO.SOs,  376 

action  of  heat  on,  245 
in  bread,  524 

sulphides,  379 

tinning,  374,  415 

tough-cake,  371 

tough-pitch.  370 

underpoled,  371 

verdigris,  373 

vessels  for  cooking,  372 

with  aluminum,  323 
Copperas,  FeO.  S03.  356 

blue,  376 

Coprolite,  256,  264 
Coquimbite,  356 
Coral,  311 
Corn-flour,  515 

Corpse-light  in  coal-mines,  131 
Corrosive  sublimate,  HgCl2,  402 

antidote  to,  402 
antiseptic  properties,  403 
Corundum,  321 
Cotton,  494 

and  wool,  separation  of,  643 

dissolved    by   ammonio-cupric   solu- 
tions, 376 
Cr,  chromium,  363 
Crackers,  detonating,  476 
Cream,  633 

Cream  of  tartar,  291.  610 
Creasote,  489,  491,  660 
Creatine,  CjIIuNuO-..,  640 

extraction  from  flesh,  640 
Creatinine,  C4H7N30,  640 
Crenic  acid,  653 
Cress,  essential  oil  of,  508 
Cresylic  acid,  C7H^O,  491 
Cr03,  chromic  acid,  364 
Cr203,  sesquioxide  of  chromium,  364 
Crocus  of  antimony,  408 
Crookes's  discovery  of  thallium,  392 
Cross-stone,  217 


43 


CrtHonic  acid,  601 
Crow-flg.  823 
Crucible.,  441 

black  lud,  04 
ite.  V4 


graphi 

."< 


Crystalline  leni,  037 

Crystallisation.  72 

Crystals  from  the  leaden  chambers,  237 

OS*  bisulphide  of  carbon,  249 

Co,  copper.  307 

CuCI3.  cuprie  chloride,  378 

Cu.-Cli.  cuprous  chloride.  378 

Cudbear,  027 

Camidine.  508 

Cuminic  acid.  IIC,,,H,iO,.  505 

fttMbcl,  164 

Cummin.  eaMOttal  oil.  505 
Cumyle,  505 

hydride,  506 
Cnmylene,  571 

diamine,  571 

CuO,  ozide  of  copper,  375 
CuO.SQs,  sulphate  of  copper,  376 
Cupel-  furnac. 

Copellatioo  on  the  large  scale,  886 
small  scale,  386 
Cuprie  acid.  370 

chloride.  CuCI,.  378 

oxide.  Cu<> 
Cupros-acetyle,  chloride,  123 

oat* 

Caproos  acetylide.  preparation,  122 
chloride.  CujClj.  378 

ammoniaeal,  378 
solution,  preparation,  123 
oxide,  Cu,0,  376 
Cararine,  623 
Curcumine.  627 
Card  of  milk,  636 
Caring  animal  matters,  660 
Current,  electric,  37 

•i  If.  hide  of  copper,  379 
Cjnm..  ;  -.,     171 
Cyanic  acid,  hydrated.  471 

ether,  565 
Cyanide  of  phosphorus,  472 

poUssiom,  KCN.  409 

commercial,  470 
from    blast    furnaces, 

470 

Cyanides  of  alcohol-radicals,  554 
Cyanine.  025 
Cyanogen,  CN,  469 

rides,  472 
compounds,  465 
preparation,  409 
solution,  metamorphosis  of,  409 
Cyannrie  acid.  472,  043 
Cy«Pe.  ferroeyanogen,  400 
ler-eharcoal.  95,  448 
Cymota,  C,»Hu.  494,  500 


Dadyle,  498 

hydrochlorate.  498 
Damaluric  acid,  001 
Dalurine.  503 
Davy.lanp.  130 
Deacon  n  chlorine  process.  178 
Deadhead.  416 
Dead  oil  of  coal- tar,  481 
I»ecay,  102 


Deroloriiing  by  charcoal,  97 


Decomposition,  definition.  33 
n  of  acid  sail 

I.  540 
atomic  he.. 
basic  salt,  287 
normal  salt,  287 
salt.  287 
Deflagrating  collar.  57 

Deflagration,  446°°' 
Dehydration,  75 

-cence.  75 

Density,  absolute,  451 
apparent,  451 

Deodorising  by  charcoal,  97 
chlorine,  185 

Dephlogisticated  muriatic  acid,  185 
D«rby»kirt  tpar,  214 
Desilreriiing  lead,  383 
Destructive  distillation,  definition,  95 
Detonating  tabes,  190 
Devitrification.  438 

515 

Dextrotartnric  acid,  013 
Dhil  mastic,  389 
Diacetine,  589 
Diacid  diamines,  570 
Dialysi- 
Diamines,  570 

aromatic,  571 
Diamond,  91 

ash  of.  93 

combustion  of,  92 

dost.  93 

glatier's.  93 
Diamylamine.  507 

Diatbermanoas,  250 
Diatomic  elements,  191 
Diasoamido-bentole,  488 

rncetic  acid,  589 
Diobloraniline,  574 
Dichlorhydrine,  599 
Didymium,  Di,  320 

•  x'ulation  of.  657 
Dielhacetic  acid,  594 
594 

MsjIkmHi 

Dieihylan.  :.-     Ml   C,H&),,  506 

iiethylene-diamine,  570 
Dietbylene-diamine.  N-ll 

•  diammonin:  .f,  570 

4rtei 

MU.  trichloride.  572 

>f  gases,  definition,  48 

law 

measurement  of,  50 

rate  of,  49 

•'.54 

.67 

is,  93 

,  168 
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Dinitro-diphenylainine,  568 
Dioenanthylene-diamylaiuine,  582 
Dioptase,  378 
Dipbenylamine,  568 
Diphenyl-benzoylamine,  568 

-diethylene-diamine,  570 
-guanidine,  571 
-urea,  645 
Diplatinamine,  427 
Diplatosamine,  426 

hydrate,  426 
hydrochlorate,  426 
sulphate,  426 

Discharge  in  calico-printing,  185,  631 
Disinfectant,  MacDougall's,  490 
Disinfecting  by  chloride  of  lime,  185 
chlorine,  185 
ferric  chloride,  356 
manganates,  359 
Disinfecting  fluid,  Burnett's,  331 

Condy's,  360 

Disintegration  of  rocks,  110 
Disodacetic  ether,  593 
Displacement,  collection  of  gas  by,  51 
Dissociation  of  sal  ammoniac,  304 

vermilion  vapor,  405 
Distillation,  82 

definition  of,  82 
destructive,  95 
dry,  95 

fractional,  482 
Distilled  sulphur,  222 

water,  82 

Dithionic  (hyposulphuric)  acid,  248 
Ditoluylamine,  568 
Doeglic  acid,  601 
Dolomite,  MgO.Ca0.2C02,  314 
Dough,  522 
Downcast  shaftj  108 
Dryers,  606 
Drying  gases,  75 

in  vacuo,  242 
oils,  606 

over  oil  of  vitriol,  242 
Ductility  of  copper,  373 
Dung  as  manure,  651 

•  substitute,  278,  302 
Dutch  liquid,  C2H4C12,  126 

action  of  chlorine  on,  200 
Dutch  metal  in  chlorine.  179 
Dyad  elements,  191 
Dyeing,  629 


Earthenware,  441 
Earths,  alkaline,  316 

proper,  318 
Ebonite,  510 

Economico-furnace  for  lead  smelting,  382 
Effervescence,  109 
Efflorescence,  74 
Eggs,  639 
Eggshells,  103,  639 
Elaene,  542 
Elaidic  acid,  598 
Elaldehyde,  581 
Elba  iron  ore,  334 
Electrical  amalgam,  400 
Electrogilding,  434 
Electrolysis,  definition,  39 

of  hydrochloric  acid,  189 
of  water,  37 
Electronegative  elements,  39 


Electroplating,  395 

Electropositive  elements,  39 

Element,  definition,  33 

Elements,  non-metallic,  general  review,  282 

Elemi  resin,  501 

Ellagicacid,  617 

Embolite,  397 

Emerald,  325 

Emery,  321 

Emetics,  611 

Emetine,  563 

Empirical  formulae,  115 

Empirical  and  rational  formulas,  496 

Empyreumatic,  499 

Emulsine,  503 

Enamel  glass,  439 

Endosmose.  637 

English  sulphuric  acid,  238 

Epsom  salts,  314 

Equivalent,  definition,  43 

Erbium,  325 

Erucic  acid,  601 

Erythric  acid,  627 

Erythrite,  628 

Esculetine,  507 

Esculine,  507 

Essence  of  almonds,  502 

turpentine,  498 
Essential  oils  containing  sulphur,  507 

extraction  of,  499 
Ethal,  Ci6H340,  607 
Ethalic  acid,  607 
Ether  (C2H5)20,  544 

chemical  constitution,  551 
decomposition  by  heat,  122 
water-type  view,  552 
Etherification,  continuous,  544 

theory  of,  550 
Ethers,  derivation  from  alcohols,  540 

double,  551 

perfuming  and  flavoring,  579 
Ethylamine,  NH2(C2H5),  565,  572 
Ethylammonia  or  ethylia,  565 
Ethylaniline,  568 
Ethylate  of  potash,  552 
soda,  552 
zinc,  557 

Ethyl-codyl-ammonium,  hydrate  of,  569 
Ethyle,  C2H5,  545 

-amyle,  546 

-butyle,  546 

cyanide,  554 

-glucose,  528 

hydride,  565 

hypothesis,  548 

iodide,  545 

kakodyle,  559 

orthocarbonate,  550 

subcarbonate,  549 

sulphide,  553 
Ethylene,  C2H4,  125 

bibromide,  570 

diamine,  N2H4(C2H4),  570 

hexethyl-diphosphonium,     hydrate 

of,  573 
oxide,  585 

Ethylformiate  of  soda,  592 
Ethylic  alcohol,  543 

bromide,  545 

chloride,  545 

ether,  544 

iodide,  546 
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Btbyl  methyl  pbenylamine,  568 

-urea.  645 

nieotyl-ammonium.  hydrate  of,  6 
Bthylo.pUtaramoniuin.  hydrate  of,  674 

M8 
Ethyloxnmi.le.  676 

urea.  646 
Euchlurine,  199 
Eudiometer,  CaTendish's.  66 
etymology.  66 

-.67 
Badiometrio  analysis  of  air,  67 

marsh-gas,  139 
Buodieaoid,  541 
Buphorbium.  609 

Eupyrion  matches,  199 

BrernieacM 

Excretion,  «56 

Explosion  of  hydrogen  and  oxygen,  64 

Explosions  in  coal  mine*,  128 


F,  fluorine.  214 
Fagot i in*.  346 
-.50 

Fart  colon,  629 
Fat*,  604 

table  of.  608 
Fatty  acid  aerie*,  604 
Fatty  acids,  preparation,  697 
Fey,  ferrocyanogen,  466 
i 
P*jCI«.  perebloride  of  iron,  366 

.-M:m  blue,  466 
/ 

Fennel,  amentia!  oil  of.  606 


FejO,.  magi  •  '    iron.  .156 

FeO  80,.  protosnlpbate  of  iron,  366 

acetous.  621 

alcoholic.  619 

arrested    by   sulphurous    a«id, 

A«.,  234 
production  of  carbonic  acid  in, 

102 

Ttacous,  621 
1  • 

:-,56 

molecular  formula,  867 
oxide.  356 
sulpbaU,  356 
I 

1  .nogen  (ferridoyanogen),  Cy«Fe,  472 

Ferroryanates.  465 
Ferrocyanio  acid,  465 

.  anide  of  poUfriau,  K«Cy.Fe.  466 

.ciJon.   I IV 
Ferroeyanogen.  Cy»Fe.  466 

355 

Ferrosum. 
Ferrous  oxide.  354 

tiyaiio  acid.  465 
acted  front  blood,  637 


Fibrin,  muscle-.  640 

regetable,  622 
Fibroine,  643 

347 

Filtration,  97 

<  Pinery-cinder.  2FeO.8iO,,  342 
rick*.  441 

319 
Fire-damp,  128 

conditions  of  inflammation,  129 

white,  eomp 
Fires,  blue  fl.u,,.    in.   117 

Itf7 

Fish  oils,  597 
•hell*,  103 

si,  247 

Flags  » » 1 

Flake-white,  407 

Flame,  analysis  of  by  siphon,  135 
blon 

cause  of  luminosity  in,  132 
definition  of,  132 

effect  of  atmospheric  pressure  on,  137 
oxygen  on,  139 
wire-gnuse  on,  130 
experimental  study  of,  133 
extinction  by  gases,  105 
extinguished  by  carbonic  acid,  105 

good  conductors,  130 
gases  in,  133 
nature  of 
oxiditing 
redo 

•url  to,  137 
separation  of  carbon  in,  134 

v  <>f  air  to,  136 
Flames,  simple  and  compound.  132 

t»o¥j 

Flask,  to  make  a  three-necked,  136 
841 

.position  of,  641 

r,  64i 

Fl.nt.  142 

and  steel,  143 
F  Inti  dis»  k<  :     iOI 

k.  64 
Floss-b. 

i  mate  analysis  of,  622 
-  bleached  by  sulphurous  acid,  233 

ic  acid.  21V 
1    ,   •  .   •  .  •    .         :    •  .•  . 

H 
Fluori'l. 

!       .  ;  • 

214 
attempm  to  isolate,  216 

i,  446 

|    33T,  338 

Food,  r!?  n.   657 

exportation,  659 

657 

pre"  rt60 

respiratory  constituents  of.  657 

' 

691 

116 

cal  115 
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Formulae,  empirical  and  rational,  496 

substitutive,  116 

Formylainine,  hydriodate  of,  469 
Forinyl-dipfeenyl-diamine,  570 
Formyle,  CH,  578 

terchloride  of,  578 
Fouling  of  guns,  457 
Foundry  iron,  341 
Fousel  oil,  538 
Fowler's  solution,  277 
Fractional  distillation,  482 
Frankincense,  509 
Fra.nklinite,  ZnO.Fe203,  355 
Freestone,  441 
Freezing  apparatus,  156 

in  red-hot  crucible,  232 
mixtures,  157,  168,  304 
of  water,  84 

with  bisulphide  of  carbon,  250 
French  chalk,  313 
Friction-tubes,  196 

composition  for.  196 
Fructose,  Ct;Hi206,  531 
Fruits,  ripening  of,  652 
Fuel,  calculation  of  calorific  intensity,  460 

value,  459 
chemistry  of,  459 
practical  applicntions  of,  460 
Fuels,  composition  of,  463 

illuminating,  composition  of,  137 
Fuller's  earth,  319 
Fulminic  acid,  474 
Fulminate  of  mercury,  C,.HgN202,  473 

action  of  hydrochloric 

acid  on,  476 
preparation,  473 
properties,  474 
silver,  475 
Fulminates,  chemical  constitution,  476 

double,  476 
Fulminating  gold,  435 

platinum,  425 
silver,  396 
Fumaric  acid,  614 
Fumigating  with  chlorine,  185 

sulphurous  acid,  234 
Fuming  sulphuric  acid,  236 
Fumitory,  614 
Funnel-tube,  46 
Fur  in  kettles,  77 
Furfuramide,  592 
Furfurine,  592 
Furfurole,  C5H402,  592 
Furnace,  charcoal,  147 

regenerative,  463 
reverberatory,  343 
Sefstrom's,  354 
Furnaces,  theory  of,  460 

.waste  of  heat  in,  463 
Fuse,  Abel's,  380 

Armstrong  percussion,  263 
Fused  common  salf.  148 
Fusible  alloy,  331 
Fusing-points  of  fats,  608 
Fusion,  145 
Fustic,  625 


Gadolinite,  325 
Galbanum,  509 
Galena,  PbS,  380 
Gallic  acid,  617 
Gallnuts,  615 


Galvanic  battery,  37 

Galvanized  iron,  326 

Gamboge,  509 

Gangue,  338 

Garancine,  626 

Garlic,  essence,  artificial  production,  508 

essential  oil  of,  508 
Gurnet,  324 
Gas,  air  vitiated  by,  107 

-burner,  Bunsen's  rosette,  83 
ring,  83 
smokeless.  136 
-carbon,  480 
composition  of,  141 
-cylinder,  53 
-holder,  92 
valuation  of.  136 
-jar,  57 

manufacture  of,  478 
Gaseous  hydrocarbons,  analysis  of,  139 
Gases,  diffusion  of,  48 

expansion  by  heat,  455 
in  waters,  76 
Gastric  juice.  655 
Gualtheria,  oil  of,  496 
Gauze  burner,  137 
Gaylnssite,  311 
Gedge's  metal,  374 
Geic  acid,  653 
Gelatine,  642 
German  silver,  374 
Germination,  516,  651 
Geysers,  143 
Gilding,  434 

porcelain,  440 
Gin,  538 

Gl,  glucinum,  325 
Glass,  437 

bottle,  438 
colored,  438 
composition  of,  437 
corrosion  by  hydrofluoric  acid,  216 
crown,  438 
decolorized,  439 
etched,  216 
flint,  438 
-gall,  438 

manufacture  of,  437 
of  antimony,  411 
plate,  438 

plate  perforated,  238 
pots,  441 
silvered,  395 
window, 437 
Glanherite,  302 
Glauber's  salt,  177 
Glaze  for  earthenware,  440 
Glazier's  diamond.  93 
Globuline,  637 
Glonoine,  603 
Glucic  acid,  528 
Glucina,  325 

separation  from  alumina,  325 
Glucinum,  Gl,  325 
Glucose,  CfiHu07,  516 
artificial,  524 
stearic,  602 
Glucosides,  505 
Gluco-tartaric  acid,  602 
Glue,  642 
Gluten,  522 

varieties  of,  523 
Glutine,  522 


•  Jlyc.ric  Mid,  587 

:,!,•.. h.  I     '•»«. 


Gtycerides.  599 

>a.  C.HsO»,  600 

converted  into  glyvot,  600 
extraction  of,  599 
properties,  600 
soap.  697 
trtatomic.  688 
Glyc,  I!     588 

acid,  666 

Olyoocoll  (glycocine),  CjHiNOj,  642 
Ulycogen.  656 
Glycol,  C,H«0i,  684 

acetobatyrate  of,  686 
aldehyde  of,  586 
binaeetate  of,  684 

ineof.  586 

converted  into  alcohol,  688 
monaoetate  of.  586 
Glyoolio  aeid,  HCjHjO*  586 
Glycols,  584 

hizine.  629 
Glyoxal,  586 
(MM,  824 
Gold.  Au.  43d 

and  sodium,  hyposulphite,  48S 
assay  by  oupedation,  433 

eroeible,  434 

dissolved.  205 

extracted  from  old  silver,  432 

extraction 

fulminating,  434 

identification  of,  166 

in  chlorine,  179 

lace  cleaned.  470 

treatment  of.  433 
leaf.  434 

i«-s  of.  436 

physical  properties,  434 
protochlori  !«•    Au<  I 
retr 

removal  of  mercury  from,  400 
ruby,  261,  434 
separated  from  silver  and  copper,  243 


219.  308, 


tercbloride.  AuCU,  436 

i,.. t.i./.  t  ... 
thread.  434 
rJ's  extract.  689 
Gradational  relations  of 
816 

-.  brewers',  518 
(iranatilr,  217 
'.  319 

tegration  of,  819 
Graaitle  rocks,  291 
aed  sine.  46 
liosks.  637 

sug>  i!6 

composition.  528 

ctnished  from  eane-sagar. 

Grapes,  coloring-matter  of,  625 

ash  of.  94 
emcibles.  94 

;    340 


OfWfktU.  MM  of.  94 
Gray  eopprr  art,  867 

34* 

nifktl  art.  36S 
powder.  399 

Orea»e  removed  from  clothe*.  484 
Green,  aneoioal. 

borate  of  chromium,  365 
Brunswick,  368 
chrome.  364 
color  of  plants,  624 
fire,  composition  for,  197 
flame  of  baryta,  310 
boracic  aeid,  150 
copper.  378 
thallium,  392 
malaeki*,  378 
mineral,  378 
KM. man's.  362 
•alt  of  Magnus,  426 

I,  856 

Gristle,  642 
Grotto  del  Cane,  104 
Grough  saltpetre. 

Groups  of  non-metallic  elements,  282 
Grove's  battery,  37 
Guaiucum  resin,  501 
Guani.Hne.  571 

,.  315 

Guano,  646,  650 
Guelder  rose,  594 
Gum  Arabic.  511 
i.  515 

Senegal,  512 
tragacanth,  512 
Gam-resins,  509 
Gams,  611 

Gun-cotton.  C.IMNOihOs,  *29 
Abel 

compared  with  gunpowder,  534 
eompositiot 

equation  of  explosion,  633 
in  u> 

Karolyi's  experiments  on,  532 
manufacture.  530 
objections  to,  533,  535 
preparation  on  the  small  scale, 

products  of  explosion,  632 

properties 

Atiel's,  531 
reconversion,  531 
Gun-metal.  37 « 
Ml 


Gunpowder 

calculation  offeree,  454 

con  irialions  in 

dusting.  460 

effect  of  pressure  on  exploti 

equ  .  ..sion.  453 

eiaminat 

glasing.  4  0 

beat  • 

hygrosco)  461 

149 

manufacture.  440 
mechanical  effect.  456 
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Gunpowder,  preparation    in   the    laboratory, 
458 

pressing,  450 

products  of  explosion,  452 

slow  combustion,  452 

properties,  451 

smoke,  457 

specific  heat  of  products  from,  455 

temperature  of  combustion,  455 

volume  of  gas  from,  453 

white,  197 
Gutta-percha,  511 
Gypsum,  312 


H,  hydrogen,  45 
Heemateine,  625 
Haeraatine,  637 
Hcematite,  brown,  334 

red,  Fe203,  333 
Haematosine,  637 
Haematoxyline,  625 
Hair,  643 
Hair-dye,  389,  396 
Halogen,  definition  of,  59 
Halogens,  general  review  of,  219 
Haloid  salts.  59,  219 
Hammer-slag,  344 
Hard  metal,  415 
Hardness,  degrees  of,  80 
permanent,  80 
temporary,  80 
Hard  water,  77 
Harrogate  water,  82 
Hartshorn,  spirit  of,  156 
Hausmannite,  MnaO-t,  359 
HBr,  hydrobromic  acid,  207 
HC1,  hydrochloric  acid,  186 
HCy,  hydrocyanic  acid,  467 
Heat  and  temperature,  460 

atomic,  42 

rays  separated  from  light,  210.  250 

relation  to  chemical  attraction,  61 

specific,  42 

Heath's  patent  (steel),  350 
Heating  of  hayricks,  100 
Heat  of  combustion  of  hydrocarbons,  460 
Heat-units,  459 
Heavy-lead  ore,  Pb02,  389 
spar.  BaO.SOs,  308 
Hemihedral  crystals,  613 
Hemtning's  jet,  130 
Hepatic  waters,  82 
HF,  hydrofluoric  acid,  214 
2HF.SiF4,  hydrofluosilicic  acid,  217 
Hg.  mercury,  398 
HgCI2,  mercuric  chloride,  402 
HgCl,  mercurous  chloride,  403 
HgO,  mercuric  oxide,  401 
HgaO,  mercurous  oxide,  401 
HgO.NuO-,,  mercuric  nitrate,  402 
Hg2O.N205,  mercurous  nitrate,  401 
HgS,  sulphide  of  mercury,  404 
Hg2S,  mercurous  sulphide,  404 
HI,  hydriodic  acid,  212 
Hippuric  acid,  HC9H8N03,  647 

artificial  formation,  647 
extraction  from  cow's  urine, 

647 

H20,  water,  87 

H202,  peroxide  of  hydrogen,  84 
Homogeneous  metal,  352 
Homologous  series,  488 


Honey,  525 
Hoofs,  643 
Hops,  518 

essential  oil  of,  499 
Hornblende,  324 
Horn-lead,  391 

-silver,  397 
Horns,  643 
Horse-chestnut  bark,  507 

-hair  inflamed  by  nitric  acid,  167 
-radish,  essential  oil  of,  507 
HzO.SOs,  hydrated  sulphuric  acid,  235 
Hot  blast,  theory  of,  461 
blast  iron,  337 
saturated  solution,  72 
H2S,  hydrosulphuric  acid,  227 
Humic  acid,  653 
Humus,  653 
Hyacinth,  326 

Hydrargyrum  cutn  creta,  399 
Hydrated  acids,  75 
bases,  75 
Hydrate  of  lime,  CaO.H20,  75 

potash,  K2O.H20,  75 
Hydrates,  72 
Hydraulic  cements,  442 

main,  478 

Hydrides  of  alcohol -radicals,  548 
Hydriodate  of  potash,  213 
Hydriodic  acid,  HI,  212 

gas,  preparation,  212 
reducing  properties,  212 
solution,  preparation,  212 
ether,  545 
Hydroboracite,  315 
Hydrobromic  acid,  HBr,  207 

ether,  545 
Hydrocarbons,  121 

heat  of  combustion  of,  460 
turpentine  series,  499 
Hydrochloric  acid,  HC1,  186 

absorption  by  water,  187 
action  of  heat  on,  188 
action  on  metallic  oxides, 

189 

metals,  188 
nitric  acid,  205 
plants,  188 
analysis  of,  189 
composition    by    volume, 

189 

decomposed    by  the    bat- 
tery, 181,  189 
from  alkali-works,  187 
gas,  preparation  of,   186 
liquid,  188 

molecular  weight,  190 
properties,  186 
pure,  preparation  of,  187 
synthesis  of,  ISO 
valuation  of,  187 
yellow,  187 
Hydrochloric  ether,  545 

gas,  dry,  preparation,  188 
Hydrocyanic  acid,  HCN,  467 

anhydrous,  468 
Liebig's  test  for,  471 
synthesis,  124 
ether,  553 

Hydrocyan-rosaniline,  487 
Hydroferricyanic  acid,  HgCyeFe,  472 
Hydroferrocyanic  acid,  H^CyeFe,  467 
Hydrofluoboric  acid,  219 
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Hydrofluoric  Mid,  HF.  214 

action  on  metals,  215 

.    216 
Hydroflaosilicic  Mid,  2I!F.8iF«,  218 

decomposed     by   heat 

Hydrogen,  II.  45 

and  arsenic,  278 
n.  121 

sulphur,  227 
biooxide.  84 
calorific  intensity  calculated,  461 

value.  53.  459 
chemical  j 

relation".   71 
determination,  in  guy 
displaced  by  sodium.  44 
etymology  of,  51 
experiments  with,  47 
• 

.tification  of,  39 
peroxide,  84 
persulpbide,  231 
269 

phy.«ical  properties,  47 
poured  up  through  air,  48 
preparation  with  iron,  45 
sine,  46 
purification,  70 
selenietted,  254 
sulphuretted,  227 
Hydrogenium,  72 
Hydrokinone,  620 
Hydronitropranio  Mid.  = 
Hydroedeoie  Mid, 
Hydrosnlphocarbonic  acid.  252 
Hydrosnlphocyani. 
Hydrosalphui 

n  on  iodine.  212 
metallic  chlorides,  230 

••n*  of  metal*.  230 
sulphurous  acid,  249 

lefied.  231 
preparation. 

production  in  waters,  246 
solution  of.  228 
test  for,  230 
Me  in  analysis,  230 
ether 
Hydrotelluric  aci-l 

167,  549 

Hyoecyamine.  563 
Hypobromons  acid,  207 
Hypochlorite  of  lime,  CaO. CIA  184 
Hypochlorow  acid.  CIA  193 

actioo   oo  sal  ammoniac, 

•j  <; 

Hypogeic  Mid.  601 
173 

172 
1.268 


!:   .;:vv,.  '  '- 

Hyposalpbiodigotie  add.  629 
of  soda,  Nn 
and 


24A 
d  |  .f  iron. 

decomposed  by  a 
decomposed  by  beat,  248 
Rj]    pj||  ta    Nl 

coostilolion  of,  248 


Hyposti'  l.ionic)  acid.  248 

llM        lIpbVWM   a       1      -••' 

formed    from    inl|<hur 
out  a«id,  248 

I.  iodine,  208 

Ice.  84 

/ot/a »«/ spar.  CaO.  CO,.  311 

Illuminating  ga*  from  water,  118 

Imides,  576 

constitution  of,  576 
Imidogen.  MI.  576 
Incorporating  mill,  449 
Incrustation  on  charcoal,  139 

t«t ions  in  boilers,  78 
Indian  fire.  281 
Indican,  628 
ImlifTrrenl  oxides.  66 
Indigo,  action  of  chlorine  oa.  18S 
628 

red,  628 
reduced.  628 
vat,  preparation,  628 
whir  ''.28 

Indigotine.  629 
In.hu,, 

oxide,  332 
Induction  coil,  39 

-.  Siemens'*,  85 
Ink,  615 

blue.  466 

from  logwood,  625 
red,  626 

•  t«in»  removed,  193 
vanadium,  422 
Inorganic  «ub«tanoefl,  definition,  35 

B40 

Instantanenu*  light.  424 
Intensity  and  quantity,  electric,  39 
Introduction,  33 
Intumescence,  301 
lodates.  L'  1 1 

Iodide  of  ethyl*-.  545 
nitrogen,  213 
,.;  ,  sj  tfsJni    111 

I    397 
Iodine,  I,  208 

action  on  ammonia,  213 

and  stared 

bromide*. 

chloride.  I' 

etymology  of,  208 

extraction  from  sea-weed.  208 

identified,  209 

oxid- 

terohloride,  ICIS.  213 

ire  of,  210 
Iodised  starob- paper,  86 

i    i  •  m  in 

429 

ammoniocbloride,  429 
ik,  429 

430 

oxides,  429 
Iron,  F< 

air  326 

hydrochloric  acid  on.  189 
on  water,  45 
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Iron,  amalgam,  400 
and  carbon,  340 
and  oxygen,   59 

and  potassium,  ferrocyanide,  467 
bar-,  345 

basic  persulphate,  236 
bisulphide,  334 
black  oxide,  355 
bright,  340 

burnt  in  bisulphide  of  carbon  flame,  251 
carbonate,  334 
cast,  339 

chemical  properties,  354 
chlorides,  356 
cold  short,  347 
cyanide,  FeCN,  467 
diatomic,  357 

equivalent  and  atomic  weights,  357 
extraction  in  the  laboratory,  353 
ferricyanide,  472 
fibre  in,  347 
galvanized,  326 
gla»ce,  334 
gray,  340 

group  of  metals,  general  review,  366 
homogeneous,  352 
in  blood,  638 
in  zinc,  329 
iodide,  213 

magnetic  oxide,  FesO^  355 
metallurgy,  334 
mottled,  340 
-mould,  354,  615 
occurrence  in  nature,  332 
of  antiquity,  352 
ores,  332 

British  composition,  333 
calcining  or  roasting,  335 
oxides,  354 
passive  state  of,  354 
perchloride,  Fe2Clfi,  356 
peroxide,  Fe203,  355 
persulphate,  Fe203.3S03,  356 
phosphates,  356 
phosphorus  in,  347 
plates  cleansed,  415 
protochloride,  356 
proto-sesquioxide,  355 
proto-sulphate,  356 

uses,  356 

protoxide,  FeO,  60,  354 
prussiate,  466 
pure,  preparation  of,  354 
purification,  341 
pyrites,  FeS2,  222,  334 
pyrophoric,  60,  120 
red  oxide,  355 
red  short,  347 
refining,  341 
rust,  ammonia  in,  161 
rusting  of,  354 
sand,  334 
scales,  344 
scurf,  441 

separation  from  manganese,  360 
sesquichloride,  356 
sesquiferrocyanide,  466 
sesqui-iodide.  214 
sesquioxide,  60 
sesquisulphate,  356 
smelting,  English  method,  335 
specular,  334 
steely,  348 


Iron,  sulphate,  action  of  beat  on,  245 

nitric  acid  on,  171 

sulphide,  preparation,  227 

sulphuret,  227 

sulphur  in,  347 

tincture  of,  356 

tinned,  414 

triatomic,  357 

useful  properties  of,  334 

variation  in  strength  of,  347 

white,  340 

wire,  composition,  345 

works  of  the  Pyrenees,  352 

wrought  or  bar,  composition,  345 
direct  extraction,  352 
manufacture,  341 
Iserine,  419 
Isethionic  acid,  656 
Isinglass.  642 
Isocumole,  479 
Isodimorphism,  409 

of  antimonious  oxide  and  arse- 

nious  acid,  283 
Isomerism,  496 

explanation  of,  492 
Isomorphism,  377 
Isoprene,  510 
Isotartario  acid,  611 
Isoterebenthene,  498 
Ivory-black,  98 


Jatrophine,  515 

Jellies,  fruit,  652 

Jelly,  642 

Jet  for  burning  gases,  51 

Jeweller's  rouge,  355 

Juice  of  sugar  cane,  526 

Juniper,  essential  oil  of,  499 


K,  potassium,  291 
Kakodyle,  C2H,;As,  554 

chemical  constitution  of,  555 

chloride,  555 

cyanide.  555 

oxide,  555 

series.  554 
Kakodylic  acid,  555 
Kaolin,  319 
Kapnomor,  494,  497 

Karolyi's  experiments  on  gunpowder,  452 
KCI.  chloride  of  potassium,  294 
2KC1,  PtCU,  platinochloride  of  potassium,  426 
KCI03,  chlorate  of  potash,  194 
K2C03,  carbonate  of  potash,  291 
KCy,  cyanide  of  potassium,  469 
KCyO,  cyanate  of  potash,  471 
KCyS,  sulphocyanide  of  potassium,  471 
Kelp,  208 

Kermes  mineral,  412 
Kernel  roasting.  379 
Ketones,  582 

K4Fcy,  ferrocyanide  of  potassium,  466 
K;;Fdcy,  ferricyanide  of  potassium,  471 
KHCO;!,  bicarbonate  of  potash,  294 
KHO,  caustic  potash,  292 
KHS04,  bisulphate  of  potash,  244 
KI,  iodide  of  potassium,  213 
Kid,  616 

King's  yellow,  281 
Kinic  acid,  619 
Kino,  618 
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o.  C.H.O..  620 
<uwr.  538 

.,  121 

KMoO«.  permanganate  of  poU«h.  369 
<altpelre  or  nitre,  443 
.tub.  292 

hromattofpoUwh,  364 
KrO  2CrOj.  bichromate  of  potash,  364 
K«la  nut,  621 

KrO.SbjOi,  antimoniate  of  potash,  409 
Koumiw,  034 
Kresyle.  491 

Kresylie  acid,C;II»0,  491 
Krupp'n  rtee! 

A  IF*  216 
pbideofpotasrinm,  294 

362 
Kyanizing  wood,  653 


Lac,  501,  629 
•Mi, 

501 

Lacquer 

Lacquering.  .'<75 
LaoUrine.  635 
Lactic  ... -il    !!•    1Kb.  586,  633 

converted  into  butyric,  633 

propionic,  634 
preparation,  634 
anhydride.  634 

n.  633 

j-erie*  of  acids,  586 
Lactid. 

'•«•.  C«II,/J.,635 
Lactometer,  636 
LwvoUrtaric  acid.  613 
Lagunts,  boraeic,  149 
Lake*,  nluminn,  322 
Lamp,  action  explained,  133 
blnck,  94 

without  flame,  424 
Lattarkitf.  391 
Lanthanium.  La.  326 
Lafu  I. 

ft07 

Laughing.ga*.  169 
Laurel  water.  468.  504 
Laurent's  doctrine  of  nubmitution,  491 
nomenclature,  491 

nlmhol.  539 

LAW  or  definite  proportion*.  41 

multiple  proportion*,  175 
Lead.  Pb.  380 

acetate.  !M,<C,HiO,),.  589 

.uric  acid  oo,  240 
on  water,  46,  81 
amalgam.  400 
argentiferous,  383 
basic  carbonate,  389 
mute.  364 

calcining,  382 
carbonni*".  native 

.191 

t92 
ebr  >  I'rOj,  Ml 

extraction  in  the  laboratory.  186 


Lead,  fusinf. point  of,  380 

•glased  rarthrnw.irr,  441 

hard.  382 

bydrated  oxide.  388 

improving  procew,  382 

in  ei.i. 

iodil  1.391 

malate.  614 

metallurgic  cbemiftry,  381 

moh 

ore*,  380 

oxide,  u.e  of.  in  glass.  438 

oxychlori.le.  391 
peroxide.  PbO,.  389 

(.bate.  301 


protoxide,  PbO.  888 

pyropbonw,  388 

selenide,  392 

smelting,  381 

Spanish,  383 

specific  gravity,  380 

sulphate.  I'bCKSO,,  380,  391 

sulphides,  391 

tartrate,  preparation.  388 

tribasic  acetate,  589 

DSM.S86 

Tanadiate,  422 
Ltad. vitriol,  PbO. SO,,  891 
Leaden  cisterns,  danger,  81 

coffin*,  corrosion,  387 
LtadkiUitt,  391 
Leather,  615 
Leaven.  523 

Leaves,  formation  of,  651 
Lecanoric  acid,  627 
Leeks,  easential  oil  of,  507 
Legunine.  635 
Lemery's  volcano,  226 
Lemons.  e»>-  499 

Lepargylic  acid,  605 
Lepidoftt,.  305 
' 

triphenylie.  487 
Leucicacid  ,86 

Leucine,  Cr.H,sNO,,  642 

H.  148,  203 
Li.  lithium.  305 
lA^tkfmtt.  378 

••  ring  matter  from,  627 
Liebig's  condenser,  83 

'n  extremes  meet,  660 
Light,  action  on  ch  -r.  247 

•rays  separated  from  heat.  250 
Light  carbnretted  h> 

481 
Lignine.  493 

composition.  463 

acti  '*50 

agricultural  uses,  650 

.late.  614 
bu 

carbonate.  CaO  CO,.  31 1 
n.  water*,  77 
fat.  312 
hydrate.  CaO.IIA*!! 

k'iln- 
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Lime,  light.  71 

lactate,  633 
overburnt,  312 
oxalate,  CaC204,  609 
platinate,  425 
poor,  312 
purifier,  479 
-stone,  CaO.C02.  311 
sulphate.  CaO  S03.  312 
superphosphate,  257 
test  for,  608 
water,  312 
Linen,  494 
Linoleic  acid,  606 
Linseed,  512 

oil,  606 

boiled,  606 
Lipic  acid,  605 

Liquation  of  argentiferous  copper,  393 
Liquor  ammonise,  153 

sanguinis,  composition,  638 
Liquorice  root,  529 
Litharge,  PbO,  388 
Lithia,  306 

carbonate,  306 
-mica,  305 
phosphate,  306 
Lithic  (uric)  acid,  646 
Lithium,  Li,  305 

blowpipe  test  for,  306 
Litmus,  627 

commercial,  628 
paper,  55 

Loadstone,,  FesOi,  60,  334 
Loam,  319 
Logwood,  625 

Looking-glasses  silvered,  400 
Lucifer  matches,  197,  262 

tipped  with  sulphur,  259 
Luminosity  of  flames,  132 
Lunar  caustic,  396 
Lupuline,  518 
Luteoline,  625 
Luting  for  crucibles,  328 
iron  joints,  226 


Madder,  626 

Magenta,  485 

Magic  lantern,  oil  for,  500 

Magnesia,  MgO,  313 

ammonio-phosphate,  315 
arsenite,  277 
borate,  315 
calcined,  315 
carbonate.  315 
citrate,  614 
hydrate,  315 
hydraulic,  315 
medicinal,  315 
phosphate,  315 
silicates,  315 
sulphate,  MgO.S03,  314 
Magnesian  limestone,  314 

for  building.  442 
Magnetite,  313 
Magnesium,  Mg,  313 

action  on  water,  44 
chloride,  148,  316 

extraction    from    sen- 
water,  296 
diatomic,  318 


Magnesium,   equivalent  and  atomic  weights, 

318 

extraction,  314 
nitride,  314 
properties,  314 
silicide,  148 

Magnet-fuse  composition,  380 
Magnetic  iron  ore,  Fe30.t,  334 
Magnus's  green  salt,  426 
Malachite.  367 
Malaeic  acid,  614 
Malamide,  614 
Malic  acid,  H2C4H405,  614 

converted  into  acetic,  614 

succinic,  614 

extracted  from  rhubarb,  614 
formed  from  succinic,  612 
tartaric,  612 

Malleability  of  copper,  373 
Malleable  cast  iron,  351 
Malonic  acid,  605 
Malt  dust,  517 

high  dried,  520 
Malting,  516 
Manganate  of  potash,  359 

soda  for  preparing  oxygen,  62 
Manganese,  Mn.  357 

action  on  water,  44 

alum,  358 

binoxide,  action  of  sulphuric  acid 

on,  244 
Mack,  358 
carbonate,  358 
chlorides,  360 
hydrated  peroxide,  358 
oxides,  357 
peroxide,  357 
protoxide,  MnO,  358 
recovery  from  chlorine  residues. 

360 

red  oxide,  358 
separation  from  iron,  360 
sesquioxide,  Mn203,  358 
spar,  MnO.C02,  358 
sulphate,  MnO.S03,  358 
test  for,  359 
Manganic  acid,  359 
Manganite,  Mn203.H20,  358 
Manna,  529 
Mannitane,  602 
Mannite,  CfiHuOe,  529 

glycerides,  602 
glycerin,  602 
stearine,  602 
Mantle  of  flame,  135 
Manures,  648 
Manuring,  648 
Maraschino,  538 
Marble.  311 

Margaric  acid,  541,  604 
Margarine,  597 
Marine  glue,  510 
Marking  ink,  396 
Marl,  319 
Marsh-gas,  CHt,  127 

and  chlorine.  183 
composition  by  volume,  140 
eudiometric  analysis,  139 
identified,  128 
preparation,  128 
series,  CnH2/l+2,  548 
Marsh-mallow.  512 
Marsh's  test  for  arsenic,  279 
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Mawicot,  PbO.  388 
Matches,  197 

vrion.  199 

r.  202 
safety.  202 
-  Itsjj    Ml 
..  199 

without  pbospboras,  202 
Matt.  309 

Matter,  definition  of,  33 
Mauve.  486 
Mauvoine.  486 
Meadowsweet,  oil  of.  506 
Meal  powder.  450 
Meconio  acid,  lhC;l!OT,  019 

Melaniline,  671 
»«ene,  639 
" 

alcohol,  539 
Meliwine.  007 
Mtttaekamte,  419 

2PbO.  391 
Menthene. 
Mercaptan.  653 
Mercaptide  of  mercury,  553 
Merchant  bar-iron,  345 
Mercnraoiii 
Mercuric  ethide,  lk"C,H ,),.  500 

1  .  404 

metbide.  600 
nitrate.  Ik'O.NjOj,  402 
snlph 
Mereurous  iodide    I!    I 

nitn.:  ",.401 

sul]  402 

ii  of  bydronnlphnric  acid  on, 

chloride.  403 
•mmoniated  oxide,  401 

;-.  402 

black  oxide.  llg..O.  401 
chl.  402 

chloro.iil,  hide.  405 
cyan>  .408 

extrn  :'•  ores,  398 

froien   by  liquid  sulphurous  acid, 

SjO,,  473 
metallurgy  of.  398 

oxides.  401 

pro-  403 

red  401 

•tain*  removed  from  gold,  400 

fulphat*.  402 
sulphide.  404 

•    400 
yellow  oxide,  ilgO,  401 

"   • 
'•' 

00 

Metal 


oxide.,  action  of  hydrochloric  acid 
189 
Metallurgy  of  copper,  307 

!<••.! 

327 

MetaU.  action  of  hydrochloric  acid  o. 
by.lr 
oxygen  acidn  on.  106 

,  242 
on  water,  43 

burnt  in  «ul|>hur  vapor,  220 

chemiRtry  of,  291 

elaMification  of.  43 

iron  group,  general  review,  300 

noble,  45 

of  the  alkalies,  general  review,  308 

of  the  alkaline  earths.  310 

of  the  earth*  proper,  318 

platinum  group.  430 

relations  to  oxygen,  58 
Metal-slag  (copper).  370 
M numeric.  490 
Metantimonie  acid.  409 
Metaphotphates,  normnl  ratio  of,  280 
Metnpboupboric  acid.  H,O.PjO».  205 
MetaaUnnto  acid,  Sn;,O, 
Metaslyrole,  501 
MeUtartaric  arid.  Al  1 
MeUUrebenthene.  498 

' 

572 
Methylaniline.  508 

.  502 
Metbyle,  I'll,.  495 

'oyle.  540 

496 

oxide,  495 
•  phenylnmine.  508 

prepared  from  acetic  anhydride,  590 
ta,  490 
190 

•tbeobromine,  023 
.1  tJeryla,  583 
Methylene,  642 
Metbyletbylamiiie,  507 

Metbyletbylamylophenylium,  hydrate  of,  508 
Methylethyla 

ether.  652 

Methylmorphylammonium,  hydrate  of,  609 
Methylic  acetate,  496 

al.  495,  639 

formiate,  490 
hydrate.  496 
Mg.  magneninm,  313 
.K'nenia.  .114 
MgO.801.  sulphate  of  magnesia 

;•     ji 

M     .       -•..      ,  •    :•' 
Milk,  032 

adulteration.  030 
coagulation  of,  034 

::.:          '       •        :     •'     '• 

....  450 

45 


,  .-.,•     ill 
Miinol.int.ir  :, 

Mineral  greet 

water*.  82 
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Mineral  yellow,  391 

Mines,  ventilation.  108 

Minium,  Pb304,  389 

Mirbane,  essence  of,  167 

Mirrors,  manufacture,  400 

Mispickel,  FeS2.FeAs,  273 

Mixture  and  compound,  distinction,  90 

Mn,  manganese,  357 

Mn02,  peroxide  of  manganese,  357 

Moire  metallique,  416 

Molasses,  525 

Molecular  formula  of  water,  69 

Molecular  formulae,  69 

Molecular  volumes  of  alcohol-radicals,  546 

olefines,  542 
weight,  69 
Molecule,  definition,  68 

of  a  base  determined,  161 
of  an  acid  determined,  115 
of  water,  69 
Molecules,  69 
Molybdate  of  lead,  421 
Molyhdena,  MoS2,  421 
Molybdenum,  Mo,  421 

bisulphide.  421 

blue  oxide,  421 

chlorides,  421 

metallic,  421 

oxides,  421 

sulphides,  421 
Molybdic  acid,  Mo03,  421 

dialyzed,  421 
ochre,  42? 
Monacetine,  589 
Mona  copper,  371 
Monad  elements,  191 
Monamines,  564 
Monatomic  elements,  191 
Monkshood,  614 

Monobasic  acids,  constitution  of,  287 
Monophosphamide,  272 
Monostearine,  599 
Mordants,  629 
Moringio  acid,  601 
Moritannic  acid,  625 
Morocco  leather,  616 
Morphine,  Ci7Hi9N03,  563 

characters  of,  618 
constitution,  569 
extraction,  618 
hydrochlorate,  618 
Mortar  for  building,  442 
Mosaic  gold,  449 
Mountain  ash  berries,  614 
Mucicacid,  51J 
Mucilage.  512 
Mucus,  643 
Muffle,  386 

Mulberry  calculus,  608 
Multiple  proportions,  law  of,  175 
Minnlir,  FeS*.  334 
Muntz-metal,  373 
Murexide,  647 
Muriate  of  morphia,  618 
Muriatic  acid,  187 
Muscle  formed  from  food,  654 
Mushrooms,  529 

Muslin,  uninflammable,  303,  420 
Mustard,  essential  oil  of,  508 

artificial  production,  508 
Myricine.  607 
Myristic  acid,  541 
Myronic  acid,  508 


Myrosine,  508 
Myrrh,  509 


N,  nitrogen,   152 

Na,  sodium,  295 

NaCl,  common  salt,  295 

Nails,  643 

Na20,  soda,  299 

Na2O.B203,  borax,  149,  300 

Na-2CO:i,  carbonate  of  soda,  297 

NaHO,  caustic  soda,  299 

X:iH('0,(,  bicarbonate  of  soda,  299 

Na,HP04,  phosphate  of  soda,  1>(H>,  302 

NaN03,  nitrate  of  soda,  443 

Na2S04,  sulphate  of  soda,  302 

Na2S203,  hyposulphite  of  soda,  246 

Naphtha,  coal,  481 

wood,  495 

Naphthalic  acid,  493 
Naphthaline,  Ci0HH,  491 

chlorides,  492 

chlorine  substitution-products 

from,  491 
nitro -substitution-products 

from,  492 

Naphthalizing,  135 
Naples  yellow,  410 
Narcotine,  563 

extraction,  618 
Nardic  acid,  541 
Negative  pole,  38 
Nessler's  test  for  ammonia,  404 
Nettles,  acid  of,  591 
Neutralization,  43 
Neutrality  of  constitution,  287 
NH3,  ammonia,   152 
NH4,  ammonium,  302 

NHtCl,  chloride  of  ammonium  or  sal  ammo- 
niac, 153 

2N1I,(JI,    PtClt,   ammonio-chloride    of    plati- 
num, 423 

NH.i.HCl,  sal  ammoniac,  153 
(NH4)20,  oxide  of  ammonium,  302 
(NBUhCOs,  carbonate  of  ammonia,  303 
(NH4)2C204,  oxalate  of  ammonia,  610 
(NH|)-_.S04,  sulphate  of  ammonia,  303 
(NH4)2S,  sulphide  of  ammonium,  305 
Ni,  nickel,  ;-}<>2 
Nickel,  Ni,  362 

action  on  water,  45 
arsenical,  NiAs2,  362 
arsenio-sti  1  ph,  id?  ,362 
gl<i,,cr,  NiAs,,NiS2,  362 
oxides,  362 
sulphate,   363 
sulphides,  3(53 
Nicotine,  C10HuN2,  563 

constitution,  569 
extraction,  623 
properties,  624 
Nil  album,  327 
Niobic  acid,  NbO->,  422 
Niobium,  Nb,  422 
Nipper-tap,  181 
Nitraniline,  574 
Nitrate  of  potash,  action  of  heat  on,  173 

solubility,  444 

silver  prepared  from  standard  sil- 
ver. :•;'.»(> 

soda,  solubility.  444 
Nitrates,  composition,  169 

decomposition  by  heat,  168 
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-«,  formation  in  nature.  161 
normal  ratio  of.  287 
liiing  properties,  167 

action  on  carbon.  446 

flcial  production,  444 
cubic,  302 
examination  of,  445 
-b.a, 

properties.  446 

purified  in  the  laboratory.  458 
refining.  445 

relation  to  comboiUion.  446 
Nitric  acid,  UNOj,  163 

aolion  on  bensole.  167 
charcoal,  165 
hydrochloric  acid,  205 
indigo,  165 
metals,  165 

organic  substances,  167 
phosphorus,  165 
sulphurous  acid,  237 
turpentine,  167 
anhydrous,  168 
cause  of  color,  164 
decomposed  by  heat,  164 
li^ht,  164 
distillation  of,  164 
formed  from  air,  162 

ammonia,  161 
from  batteries.  174 
fuming.  164 

bjdrated,  HjO.NjO*.  163 
oxiditing  propertied,  165 
preparation  on  the  large  Male.  I  A3 
preparation  on  a  small  scale,  163 
properties,  164 
strongest,  preparation,  164 
test  of  strength.  164 
anhydride.  168 
ether,  548 
oxide,  NO,  170 

absorbed  by  sulphuric  acid,  240 
analysis  of  air  by.  170 
behavior  with  hydrogen,  171 
identified.  170 


pure,  preparation.  171 
with  bisulphide 


tide  of  carbon,  181 
peroxide,  NO,.  1 

composition  by  volume,  176 
Nitrification,  theory  of,  161 
Nitrites.  575 

-oioic  acid.  647 
-mole,  C.Hi(NO,).  484 

preparation,  167 
Nitrogen,  N,  152 

atomicity  of.  101 
binoxide,  169 
bromide.  207 
bulbs.  164 

chemical  relations,  152 
chloride,  203 

preparation,  204 
circulation  in  nature,  168 
determination,  160 

...in  air.  91 

group  of  element*,  282 
•   88 

v  162 

if  mi-  •  r.-titu'i'.r.     17  . 


Nitrogen  oxHes.  general  review,  175 
per. 

preparation,  162 
properties,  89 
169 
252 

Nitrogenised  bodies,  identified,  98 
Nilroglycerin,  603 

use  in  blasting.  603 
Nitrohippuric  acid.  647 

536 

Nitromuriatic  acid,  205 
Nitrophenisioacid,  490 

.-nide*.  472 

Nitro  substitution  products,  167 
luole,  489 
acid,  NjO,,  172 

action  on  bydrosnlphnric  acid, 

action  on   organic  substances, 

commercial 

composition  by  volume,  176 
formed  from  ammonia,  161 
oxiditing  and  reducing  power, 

ether,  548 
oxide,  N,0,  169 

;  »«ition  by  volutn- 
identified,  169 
Nitroxylole.  489 
N,0(  nitrous  oxide,  169 
NO,  nitric  oxide 
S,0i.  nitrons  acid,  172 

peroxide,  173 
!  N,0s,  nitric  acid,  163 
Noble  metals,  45 
Non- metallic  element*.  33 
Nordhausen  <  I,  235 

Normal  ratios  of  salts,  286 
Normal  salt,  unitary  definition,  287 
Normandy's  st. 

itlon  of  animals,  654 

plants,  648 
plastic  elements  of,  657 


xygen,  54 
O,  oxalic  acid,  608 

hark,  615 

Occlusion  of  hydrogen,  71 
04*4*11 
(Eoanthene.  542 
(Enanthio  acid.  541,  606 

synthesis,  594 
alcohol.  539 
(Enantbole.  606 

y  sulphuric  acid.  243 
Oil  of  spirna,  505 
Oil  of  >  80s.  235 

dehydrated  by  phosphoric  acid. 

sulphate  of  lead  in,  241 
wine,  550 
Oils,  604 
Olefiant  ga»    • 

absorbed  by  sulphuric  acid,  243 
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Olefiant  ga«,  combination  with  chlorine,  125 
converted  into  alcohol,  552 
decomposed  by  chlorine,  126 
heat,  127 
the  spark,  127 
identification  of,  126 
preparation,   126 
with  iodine,  213 
Olefines,  C»H2n.  542 
Oleic  acid,  HCigHssO,.,  605 

action  of  nitric  acid  on,  605 
Oleine,  CsTHioA;,  604 

synthesis  of,  599 
Olibanum,  509 
Oligist  iron  ore,  334 
Olive-oil,  597,  604 
Olivine,  315 
Onions.  529 

essential  oil  of,  507 
Onyx,  142 
Oolite  limestone,  311 
Oolitic  iron  ore,  334 
Opal,  142 
Opium,  composition,  618 

extraction  of  alkaloids  from,  618 
Orange  chrome,  2PbO.Cr03,  364 
Orange,  essential  oil  of,  499 
Orceine,  627 
Orcine,  627 
Ore-furnace,  368 
Organic  analysis,  elementary,  113 

and  inorganic  substances,  464 
chemistry,  464 
matter  identified,  91 
substances,  definition,  35 

synthetical  formation,  122 
Organo-raetallic  bodies,  554 

table  of,  561 
Oriental  alabaster,  80 
Orpiment,  red,  As2S2,  281 

yellow,  As2S3,  281 
Orthoclase,  324 

Orthophosphates,  normal  ratio  of,  286 
Orthophosphoric  acid,  3H2O.P205,  286 
Osmazome.  601 
Osmic  acid,  Os04,  428 
Osmiridium,  423 
Osmium,  Os,  428 

chlorides,  429 
oxides,  429 
tetrasulphide,  429 
Osseine,  642 
Oswego,  515 
Oxalates,  610 
Oxalethylic  acid,  548 
Oxalic  acid,  H2C204)  548 

analysis  of,  1 14 
fatal  dose,  610 
occurrence  in  nature,  608 
preparation,  608 
properties,  609 
test  for,  609 
uses,  608 
ether,  548 
Oxalonitrile,  575 
Oxalovinic  acid,  548 
Oxalyle,  C202,  576 
Oxamic  acid,  575 
Oxamide,  N2H4.C202,  574 
Oxanilide,  575 
Oxidation,  definition,  54 

of  tissue,  products,  657 
Oxide  of  copper  reduced  by  hydrogen,  70 


Oxides,  54 

metallic,  action  of  hydrochloric  acid 

on,  189 

hydrosulphuric 

acid  on,  229 

sulphuric  acid 

on,  244 

nomenclature  of,  60 
Oxidizing  blowpipe  flame,  138 
Oxycalcium  light,  71 
Oxygen,  0,  54 

absorption  by  pyrogallic  acid,  617 

atomicity  of,  191 

blowpipe  flame,  139 

burnt  in  ammonia,  161 

combustion  in,  55 

detected  in  mixed  gases,  170 

determination  of,  in  gases,  66 

effect  on  flame.  139 

electro  negative,  85 

electro-positive,  85 

etymology,  57 

evolved  from  steam,  182 

experiments  with.  55 

extracted  from  air,  61 

group  of  elements,  282 

identified,  39 

natural  sources,  54 

preparation,  61 

from  air,  61 

from  bichromate  of  pot- 
ash, 244 
from  chloride  of  lime, 

194 
from  sulphate  of  zinc, 

245 

from  sulphuric  acid,  242 
properties,  54 
purification,  91 
relation  to  metals,  58 

non-metals,  55 
Oxygenated  water,  84 
Oxygenized  muriatic  acid,  186 
Oxyhydrogen  blowpipe,  70 
Oxy muriatic  acid,  186 
Ozone,  85 

electrolytic,  85 
experiments  with,  85 
in  the  atmosphere,  87 
nature  of,  85 
specific  gravity  of.  86 
test  for,  85 
Ozonization  by  ether,  86 

phosphorus,  86 
Ozonized  air,  85 

oxygen,  85 
Ozonizing  tube.  85 


P,  phosphorus,  256 

Paint  blackened  by  hydrosulphuric  acid,  230 

removed  from  clothes,  484 
Paintings,  effect  of  light  and  air  on,  230 
Palladamine,  hydrochlorate,  397 
Palladium,  Pd,  397 

carbide,  398 

chlorides,  398 

cyanide,  397 

nitrate,  398 

occlusion  of  hydrogen  by,  71 

oxides,  398 
Palmitic  acid.  541 
Palmitin*,  C5iH9806,  596 
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is  of,  400 

bleaching  of.  604 
Pnnorrntir  jiiico,  060 
Paniti  • 

Papaverine,  563 
Paper.  494 

action  of  nitric  acid  on.  629 

i  ....  •:.••;•: 

...< 

hecks,  Ac..  516 

,'nipliic  printing.  247 
Paracyanoicrn.  CjXs,  469 
496 

Paraguay  tea 
Paramylene,  642 
Paranapblhaline,  493 
Paraniline 

Parasorbie  acid.  A 14 
Para «. ,  612 

Parchment,  010 

•i«e.  642 

vegetable,  625 
Paris  yellow 

Par-Icy,  e—  499 

Partial  saturation,  tn.-ih-l  <>f,  499 
Parting  of  gold  by  sulphuric  acid,  243 
Passh.  l iila,  354 

Patent  yellow 
pHtiinwn'w  process,  384 
Partin. 
Paring  Hon. 

PbCI,.  chloride  of  lead,  391 

PbO.  |  lead,  388 

lead,  364 
PbO.H  ..f  lead,  380,  391 

lead,  380 
I'd,  pal 

Pear  flavor. 

..  291 

Pearl  hanlenr 
1'rarl- 

Prarl  »•  IJi.Oj,  407 

Pea*.  036 

.:.  100 

composition.  4(13 
Peclte  aci.l.  062 

062 

Peeloee.  062 
Peetoaio  acid.  062 

Ml 

249 
Pentetbyltne    Utrelhyl  -  tetrammooiom,  by. 

•  72 
Pepper.  ee*enlial  oil  of.  499 

300 
I,,        . 

198 
Perchloric  acid,  198 

nt«d,  108 

Pereblorokinone,  021 
.106 

(76 

79 
Perfume*,  extraction  of,  499 


816 

Perio.lic.cid.  I  A.  211 
Permanent  ga*.  64 

309 

Permanganate  of  potuh.  K^!nO4.  368 
Permanganate*,  normal  ratio  of,  280 
Permanganic  acid,  368 
Perspiration  of  the  (kin.  693 
n  bark,  018 

•altpetre,  NaXO 
P*alit< 

.  672 

N  ing  springs.  79 
18,  497 

Pewter 

acid,  489 
Phenole,  C«II.O,  489 

Phenylamine,  488 
608 
Pbenyle,  C.IIj,  488 

hydrate,  489 
Phenylene-diamine.  670 
Phenylene.ditolylene.trUminr.  571 
Phenylene-ditolyleir  imine,  672 

Phenylene-ditolylene-triphenyl-triamine,  672 
. 

Pbenyl-toluylamine.  608 
Philosopher's  wool 

186 

Pbloreline.  607 
607 
J07 

Pbooenine,  007 
Phosgene  gas.  COCI,,  202 
Pbospham,  272 
Phospbamio  acid,  273 
Phonphates.  normal  ratio  of.  280 

.nhylip  aci-i 
Phosphides,  201 
Phosphites.  207 

•nide,  272 
.-lyceric  acid,  000 

Phosphomolybdate  of  ammonia,  421 
Phosphorescence,  268 

prevented,  268 
Phosphoric  acid,  P,O.v  203 


common,  200 

1.  206 

molybdlo  test,  421 

•01 

.'rt0 

I  rated,  200 
nnhyiiri'ie,  2A6 

PA.  267 

allolropic  modifloatiooii,  200 

am<>r 

and  oxygn 
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Phosphorus,   black,  261 

bromides,  271 

burnt  under  water,  199,  268 

chemical  relations,  261 

chlorides,  270 

cyanide,  472 

distilled,  260 

fuse  composition,  262 

iodides,  271 

match-bottle,  259 

occurrence  in  nature,  256 

oxides,  263 

oxychloride,  270 

pentachloride,  270 

action  of  ammo- 
nia on,  272 

poisonous  properties,  256 
precipitation  of  metals  by,  256 
preparation,  256 
properties,  258 
red,  260 
suboxide,  268 
sulphides,  271 
sulphochloride,  271 
terchloride,  270 
transformed  by  iodine,  271 
viscous,  261 
vitreous,  260 
Phosphotriamide,  272 
Phosphovinic  acid,  545,  550 
Phosphurets,  261 

Phosphuretted  hydrogen,  gaseous,  PH3,  269 
analogy    with    am- 
monia, 270 
composition,  269 
liquid.  269 
solid,  269 
Photographic  baths,  recovery  of  silver  from, 

397 

Photographic  printing,  247 
Phthalic  acid,  493 
Phyllocyanine,  625 
Phylloxanthine,  625 
Physetoleic  acid,  601 
Picamar,  497 
Picoline,  479 
Picric  acid,  490 
Picrotoxine,  507 
Pig  iron,  337 
Pimelic  acid,  605 
Pimple  metal  (copper),  371 
Pineapple  flavor,  579 
Pinic  acid,  499 
Pink  salt,  2NH4Cl.SnCU,  418 
Pins  tinned,  415 
Pipe- clay,  319 
Piperine,  563 
Pipette,  curved,  113 
Pit  charcoal,  448 
Pitch,  481,  497 
Pitchblende,  332 
Pittacal,  497 

Plants  and  animals,  reciprocity  of,  654 
changes  after  death,  653 
chemical  changes  in,  651 
constructive  power  of,  651 
evolution  of  carbonic  acid  by,  102 
food  of,  110,  648 
nutrition  of,  648 
reducing  functions  of,  652 
ultimate  elements  of,  648 
Plaster  of  Paris,  312 

overburnt,  313 


Plaster  of  Paris,  preparation,  313 

Platammon-ammonium,  hydrated  oxide,  574 

Platammonium,  hydrated  oxide,  574 

Platina,  muriate,  425 

Platinamine,  427 

Platinates,  425 

Platinized  asbestos,  171 

Platinochloride    of    potassium,    2KCl.PtCU, 

426 

Platinoid  metals,  general  review  of,  430 
Platinum,  Pt,  422 

amalgam,  400 
ammonio-chloride,   2NH4C!.PtCU, 

426 

and  rhodium  alloy,  428 
attacked  by  sulphuric  acid,  242 
bichloride,  PtCU,  425 
black,  424 
corroded,  425 

by  arsenites,  276 
phosphorus,  261 
silicon,  147 
crucible  heated,  145 
extraction,  423 
fulminating,  425 
ores,  analysis,  430 
oxides,  425 

protochloride,  PtCl2,  426 
separation  from  iridium,  425 
spongy,  423 

stills  for  sulphuric  acid,  240 
sulphides,  427 
uses  of,  423 
Platosamine.  hydrate,  427 

hydrochlorate,  427 
sulphate,  427 

Plato-triethyle-arsonium,  chloride,  574 
-phosphonium,  574 
-stibonium,  574 
Plumbago,  93 
Plumbic  acid,  Pb02,  389 
Pneumatic  trough,  61 
P2C>3,  phosphorous  acid,  267 
P205,  phosphoric  acid,  263 
Poison-nut,  623 
Pole,  negative,  38 
positive,  38 
Pollux,  308 
Polyammonias,  569 
Polyatomic  alcohols,  584 
Polyhalite,  315 

Polymerizing  by  sulphuric  acidr  481 
Polymerism,  542 
Populine,  507 
Porcelain,  439 

English,  440 
glazed,  440 
painting,  440 

Porous  cell  experiment,  51 
Porphyry,  324 
Porter,  composition,  520 
Portland  cement,  443 

stone,  441 
Port  wine  crust,  537 

effect  of  keeping,  537 
Positive  pole,  38 
Potask-albite,  324 
Potash,  K20,  293 

anhydrous,  293 
antimoniate,  K2O.Sb205,  409 
arsenite,  278 
aurate,  435 
biantimoniate,  409 
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bicarbonate,  KrO.HrO.200,.  294 
bichromate.  K/>.2CrO».  343 
bimetantimoniate.  409 

tlate.  610 

bisulpbate.  K,O.H,0.2SO,,  163,  244 
bitartrate,  292.  610 
biarate.  M6 
bromate,  206 

carbonate.  KjO.CO,.  291 
MUtjUff,  Ml 
chlorate,  KCIO».  194 
ehromate,  KrO  CrO,,  364 
cyanale.  KCNO.  471 
ferrate,  365 
from  wool,  292 
fulminurate,  477 
fused,  292 
hydrate,  KHO,  292 
hydriodate,  213 
in  flesh,  641 
iodales,  211 
bocyanarate,  477 
manganate,  359 
metantimoniate  409 
metastannate,  417 
nitrate,  446 

Ability,  444 
oleate,  597 
osmitc,  429 
perch lorate,  198 
permanganate,  359 
plombate.  389 
pnusiate,  K«Cy«Fe,  466 
qnadroxalate,  610 
r.,1  MSjUt*,    171 
salphate.  K..O.SO*  244 
tartrate.  2KO.C,H40io,  610 
terehromate,  364 
test  for.  73 

nate,  248 
urate,  646 

576 
urn,  K,  291 

action   on    hydrosalphurie 
229 

action  on  water,  43 

alcohol.  562 

amidide,  576 

atomic  weight.  291 

bisulphide,  294 

blowpipe  test  for,  294 

brw  ...  Ml 
chloride.  KCI,  294 

extraction     from 
water,  294 

solubility,  444 
cyanide,  KCN.  469 

pure,  470 
equivalent  weight.  43 

*  mac'dow!  293 

K,Cy.Pe,  471 
ferrocyanide,  K+Cy 
heated 
iodide,  KI.  213 


\\  I.-     "' » 
plaUnoebloride.  2KCI.PtCltl  426 

-, 


Pota«ium.  fulpbide,  K^.  294 

wlphooyaoide.  K0y8,  471 
294 


MMMMl 

•irit,  63 


M,  IU 

•pirit,  638 

•tarch.  extraction,  612 
l',,ttery.  4:s9 
Prew  cake,  460 
Prewar*  of  gMM.  49 
Preiton  »1U,  303 
Promethean  light.  199 
Proof 

1'r,  ,,,.„:,-     Ml 

Propionic  (propylic)  acid,  641 
Propionitrile,  575 
Propylamine,  573 
Propylene,  642 
Propylene-glycol.  587 
Propylic  acid,  HCjUjO,.  541 

artificial  formation,  669 
alcohol,  540 
Protein*.  639 

Proximate  organic  analytic,  481 
Pruwian  blue,  Fe.Pcyj,  466 

constitution,  467 
decomposition  by  alkalies,  467 
native,  366 
preparation,  466 
•oluble.  466 
Pruniate  of  potash,  action  of  sulpbarie  acid 

119 
Prosaic  acid.  HCy,  465 

in  bitter  almond  oil.  504 
of  the  Pharmacopoeia,  468 
368 

PI.  platinum,  422 
PtCI,,  platinoos  chloride,  426 

bichloride  of  platinum,  425 
Ptyaline.  655 

Puddled  bar,  composition,  345 
bars,  344 
steel,  362 
Puddling,  disadvantages  of,  346 
fay,  Ml 
loss  in.  346 
mechanical,  346 
procew  of,  344 
Pnlris  fnlminans.  446 
PSMM»«I  mt   Bll 
PHI  bee*  *on*,  441 

of  Cassias,  436 
Putrefaction,  102 

ammonias  furnished  by,  572 
modern  researches  on,  660 
Putty  powde 
Pyrene,  493,  494 

«.  479 
Pyrittt  a 


of  sulphur  from,  222 


m  air,  2S6 

Pyrogallie  acid.  617 
Pyrogalline,  617 
Pyroligneons  acid,  C,H40,.  494 

ether.  495 
PyroJun*.  MnO,,  368 

preparation  of  oxygen  from,  63 

I.  592 
Pyrophorie  iron,  120 
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Pyrophorus,  lead,  388 
Pyrophosphates,  normal  ratio  of,  286 
Pyrophosphoric  acid,  2H20.P205,  265 
Pyroterebic  acid,  601 
Pyroxylic  spirit,  495 
Pyroxyline,  529 


Quadrequivalent  elements,  191 
Quantity  and  intensity,  electric,  39 
Quartation  of  gold,  433 
Quartz,  142 

artificial,  145,  549 
Quercetine,  507 
Quercitannic  acid,  615 
Quercitrine,  507 
Quercitron,  630 
Quicklime,  CaO,  75 
Quicksilver,  398 
Quince-seed,  512 
Quinio  acid,  620 
Quinidine.  563 

extraction,  620 
Quinine,  C2oH24N202,  563 

amorphous,  620 

extraction,  619 

sulphate,  620 
Quinoidine,  620 
Quinoline,  479 
Quinone,  620 
Quinotannic  acid,  619 


Racemic  acid,  612 
Radicals,  alcohol,  546 

polyatomic,  570 
Radishes,  essential  oil  of,  508 
Railway  bars,  344 
Rain-water,  75 
Raisins,    525 
Rancid  oils,  605 
Rangoon  tar,  497 
Rational  formula,  115 
Ratios,  normal,  of  salts,  286 
Realgar,  As2S2.  281 
Reaumur's  porcelain,  438 
Reciprocal  combustion,  70 
Red  copper  ore,  Cu20,  367 
Red  dyes,  630 

fire,  composition  for,  197 

flowers,  coloring  matter  of,  625 

lead,  Pb304,  389 

ore,  PbO.Cr03,  364 

ochre,  334 

orpiment,  281 

paints,  405 

precipitate,  401 

shortness,  341 

silver  ore,  3Ag2S.As2S3,  273 

sulphide  of  antimony,  411 
Reduced,  61 

Reducing  blowpipe  flame,  138 
Reduction  of  metals  by  carbonic  oxide,  120 

on  charcoal,  139 
Refinery,  342 
Refining  cast  iron,  341 
Refraction  of  saltpetre,  443 
Refrigerator,  Carre's,  156 
Regulus,  369 
Regulus  of  antimony,  408 
Rennet,  634 
Resins,  501 
Resists  (calico-printing),  631 


Respiration,  102 

formation   of  carbonic   acid  hi| 

102 

in  confined  air,  107 
Retort,  83 
Rhodium,  Ro,  428 

oxides,  428 
sesquichloride,  428 
sodiochloride,  428 
sulphides,  428 
Rice,  composition,  513 
Ricinoleic  acid,  606 
Rinman's  green,  362 
Rising  of  bread,  523 
Rivers,  self-purifying  power  of,  76 
River-water,  76 
Ro,  rhodium,  428 
Roasting,  effect  on  sulphides,  231 

meat,  641 
Rochelle  salt,  KNaCJIlOe,  612 
Rock,  crystal,  142 
oil,  497 
salt,  295 

disintegration.  110 
Roman  cement,  443 
Rosaniline,  486 

acetate,  486 

action  of  cyanide  of  potassium  on, 

487 

triethylic,  487 
triphenylic,  487 
Rosette  copper,  371 
•Rosiclers,  398 
Rosin,  498 

soap,  499 
Rosolic  acid,  479 
Rotation  of  crops,  650 
Rubian,  626 
Rubidia,  307 
Rubidium,  Rb,  307 

platinochloride,  426 
properties,  307 

separation  from  potassium,  426 
Ruby,  321,  364 

glass,  434 

Rue,  essential  oil  of,  582 
Rufigallic  acid,  617 
Ruhmkorif's  induction  coil,  39 
Rum,  538 
Rust,  2Fe203.3H20,  354 

ammonia  in,  161 
Rusty  deposit  in  waters,  82 
Ruthenic  acid,  429 
Ruthenium,  Ru,  429 
Rutic  acid,  541 

alcohol,  539 
Rutile,  Ti02,  419 
Rye  flour,  524 


S,  sulphur,  220 

Saccharide,  528 

Saccharine  matters,  524 

Safety-lamp,  behavior  in  mines,  131 
.Davy's,  130 

precautions  in  using,  131 
Stephenson's,  129 

Safflower,  625 
Saffron,  625 
Sago,  514 
Salad  oil,  604 
Sal  alembroth,  402 
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M 


NH4CI,  158 

,  ..  •     •  MM!  i    Mm  H  s 
composition  by  volume,  304 
vapor-density  of,  804 


SeJlcyle.  C,H40,,  506 
hydride,  506 

IliO,,  506 
•  nine,  506 
Saline  water*.  83 

•M 

Sal  polyebreet,  145 
8*1  pranelle.  446 
SalKake.  197 
Salt  M  manure,  649 
eon  moo.  895 
59 

etymology,  884 
extraction.  895 
fused 

gardens  of  Marseilles,  896 
gluing.  440 

monn.  619 
of  sorrel,  610 
of  tartar.  898 
preeervative  effect,  660 
Uble.  896 

aniury  definition.  887 
•Mfbl  applications.  894 
Sailing  of  meet.  641 
Saltpetre.  KNO,.  443 

M  manure.  649 
cubical.  N 
446 

impurities.  445 

prepared  from  nitrate  of  soda.  444 
properties,  446 
refining.  445 
teat*  of  parity.  446 
radieal.  definition.  59 
-.It  radiealn.  819 

hi   MI  i.  •    in 

•tomie  unitary  formula,  886 
Writ,  886,887 


binary  theory.  886 
n  of.  884 

'  " 


haloid.  219.  884 


_- 

of.  444 


ratio,  of,  886 
oiyacid.  884 
water 

' 


,  441 


bj  .Uam.  599 

•>.,  -,    •     M 

507 
t 

II     NM       .    ; 

Saturated  • 

Sarin.  e»rr  (99 

I  •    •     .     .        v        i      ; 


Saxony  blue.  689 

8b.  antimnnv 

SbCli.  terebloride  of  antimonv 

|.«ntaobloride  of  antimony,  411 
8Mb.  anlimonio  oxide,  409 
I  SbA,  MtUnonie  acid.  409 

l-hide  of  antimony.  411 
Seammony .  509 

Sebeele'i  green.  K)aO.H]O.A»iO>.  877 
Drwaie  acid.  468 


Se.  celenium,  253 
Seal-oil,  606 
Sen  water.  88 

extraction  of  salt  from,  895 
Baa-weed,  529 
Sebacie  ncid,  605 
Secretion,  657 
Sedatire  salt,  149 

com  portion.  651 

germination,  516 
Sehtrdm'i  furnace,  354 
Sel  d'or.  435 
Selenie  acid.  SeO,,  854 

Sclenietted  hydrogen.  854 
Selenious  acid,  SeO,,  354 
£•&»*«,  318 

chlorides,  854 
ralphtdea,  854 
Seltser  water,  88 
Separating  funnel,  186 
Sericine,  643 
S*rjHHti,,e.  315 

o39 
Shaft,  downcast.  108 

upcast.  108 
ShAmoying.  616 
Shear-uteri.  350 

Sbeep-dipping  compositions,  877 
Shellac,  501 
Sherry,  538 
Shot,  387 

142 

in  sulphur.  220 
Siemens'*  induction-tube,  85 

regenerative  furnace,  463 
Sienna,  319 

iluortdeof  silicon,  217 
Signal-  light  comp. 
Silica.  810,.  142 

amorphous,  144 
crystalline.   1  t  i 

dissolved  by  hydrofluoric  acid.  216 
gelatinous,  preparation,  318 
In  plant*. 
in  waters 
Silicate  of  alumina  and  soda,  383 


normal  ratio  of.  386 

hydrated.  144 
solution  of.  I  II 
ether,  549 
Siltcide  of  magne«ium,  148 
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Silioium,  146 

ethyle,  561 
methyle,  561 
Silicofluoric  acid,  218 
Silicon,  Si,  142 

action  of  hydrochloric  acid  on,  203 

amorphous,  147 

and  nitrogen,  147 

atomic  weight,  148 

bisulphide,  252 

chloride   SiCl4,  203 

diamond,  147 

fluoride,  SiF4,  217 

importance    in    mineralogy, 

217 

preparation,  217 
fused,  147 
graphitoid,  147 
hydride,  147 
resembles  carbon,  147 
Silicone,  148 
Silk,  643 
Silver,  Ag,  393 

action  of  hydrochloric  acid  on,  189 

hydrosulphuric  acid  on,  229 
amalgam.  400 
arsenite,  276 
basic  periodate,  211 
bromide,  AgBr,  397 
chloride,  AgCl,  397 

action  of  light  on,  247 
reduction  of,  397 
cleaned,  229 
coin,  394 
crucibles,  396 
detected  in  lead,  386 
extracted  from  its  ores,  247 
extraction  by  amalgamation,  393 
from  copper  ores,  393 

lead,  385 
frosted,  394 

fulminate,  Ag2C2N202,  475 
fusing-point,  395 
fulminating,  396 
glance,  Ag2S,  398 
hyposulphite,  246 
in  lead,  383 
iodide,  211 
metapbosphate,  265 
native,  393 
nitrate,  AgN03,  396 

preparation  from  standard  sil- 
ver, 396 
nitride,  396 
ore,  red,  398 
oxalate,  610 
oxide,  Ag20,  396 
oxides,  396 
oxidized,  394 
periodate,  211 
plate,  394 
properties,  395 
pure,  preparation,  395 
pyrophosphate,  265 

recovered  from  photographic  baths,  397 
refining,  394 

separated  from  copper,  396 
solder,  394 
stains  removed,  396 
standard,  394 
subchloride,  397 
sulphide,  Ag2S,  398 
native,  393 


Silver,  tarnished,  229 
tree,  400 

triphosphate,  266 
Silvering  brass  or  copper,  395 
dry,  395 
glass,  395 
Simple  solution,  72 
Si02,  silicic  acid,  142 
Siphon  eudiometer,  67 
Size,  642 

Slag,  blast-furnace,  composition,  338 
iron  in,  341 

iron-refinery,  342 

lead-furnace,  382 

metal  (copper),  370 

ore  furnace,  369 

puddling-furnace,  345 

refinery  (copper),  371 

roaster  (copper),  370 
Slaked  lime,  CaO.H20,  312 
Slaking  of  lime,  75 
Slate,  319 
Slow  portfire,  446 
Smalt,  361 
Smelling-salts,  303 
Smoke,  cause  of,  100 

consumption,  101 
prevention,  101 
Smokeless  gas-burners,  136 
Sn,  tin,  412 

SnCl2,  protochloride  of  tin,  418 
SnCl4)  bichloride  of  tin,  418 
SnO,  protoxide  of  tin,  417 
Sn02,  binoxide  of  tin,  417 
Snow,  84 

SnS,  protosulphide  of  tin,  418 
SnS2,  bisulphide  of  tin,  419 
Snuff,  624 

502,  sulphurous  acid,  232 

503,  sulphuric  acid.  235 
Soap,  595 

arsenical,  277 

Castile,  597 

glycerin,  597 

mottled,  597 

-nut,  507 

palm-oil,  596 

rosin  in,  597 

silicated,  597 

transparent,  597 

-wort,  507 

yellow,  597 

Soaps  decomposed  by  acids,  597 
Soda,  Na20,  299 

acid  pyrophosphate,  266 

action  on  hard  waters,  81 

aluminate,  322 

arseniates,  278 

arsenite,  277 

ash,  298 

manufacture,  297 

basic  periodate,  211 

biborate,  300 

bicarbonate,  299 

bimetantimoniate,  409 

bisulphate,  243 

bitungstate,  421 

carbonate,  Na2O.C02,  297 

manufacture  from  common 

salt,  297 
medicinal,  299 

caustic,  NaHO,  299 

chloride,  194 
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cry  »t.U,  198 
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.-.  194 
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ffi  M    MM 

we  in  pboiograpby.  147 


-lye.  199,  596 
m.ng.n.te,  369 
manofaotur*  of,  history.  197 

influence     on     awful 

aru,  198 

met.pbonphate.  167 
nitrate.  30. 

conversion  into  nitrate  of  pot- 

Mb 

solubility,  444 
obtained  from  kryolile,  300 
oleate.  596 
palmitate,  &97 
phosphate.  INajO.HrO.PjOj,  201 

287 

F,l.  tl  nate,  415 
pyrophospbate.  166 

..I-  E  it.,  n 

tt.nn.t*.  NajO.SnO,.  417 
•tearate,  696 
•ubphofphate,  166 
fulph.te,  N.,0  SO,.  301 

»cl*d  from  tea-wator,  196 
.ulphite.  134 


tetratbionate,  149 
tungrtate.  Na/)  WO,.  414,  410 
orate,  A46 
WMbinf  .  198 
w.nte,  146 
water,  109 

powder..  1  10 
8oda«etie  ether,  693 

|      .ami-     Ml    N  ,      HI 

Sodiom.  Na.  196 

action  on  water,  44 
•alcohol,  552 
•amalgam,  159 


and  oxvfen,  68 
aorocblor  " 


•<  :-.  436 
blowpipe  le.l  for,  800 

:.      :...-     m 

commercial  importance.  175 
•old 

equivalent  weight.  44 

fluoride.  116 
559 

•I.e  .peel rum,  307 
uMide.  473 


Jutinilcblorid.,  416 
dlioofluonde.  148 


Soft  *o.p.  597 
watt 

:  mat  ion.  110,649 

I.  649 

iron  in,  365 
-..:,,„„•    Ml 

387 

brasierX  376 

ooarae.  415 

fine,  415 

filrerimithX  394 

Soldering,  o»e  of  sal  ammoniac  in,  804 
Soluble  glau,  301 
Solution.  71 
Soot,  100 

M  manure,  650 
Sorblc  acid  614 
Sorrel.  »alt  of,  MO 
Soup,  641 
Sparkling  wine«.   HO 

Spathic  iron  ore,  PeO.COs,  884 
Specific  graritj  ofgajet  defined,  47,54 

influence  of  tempera- 
ture on.  116 
Uqoid*,  defined,  84 

determined,   155 
solids,  defined,  84 
Specific  heat  defined,  465 
of  atoms,  41 
of  magnesium,  318 
relation  to  atomic  weights,  41 
Specific   beats  of   potassium,    sodium,    and 

iu.317 

Spectroscope,  306 
Spectrum  analysis,  305 

use  of  bisulphide  of  car- 

bon  in,  160 

Specular  iron  ore,  FejOj,  884 
Speculum  metaJ,  374,  416 
Spei*s,  361 
Spelter,  319 
Spermaceti,  607 
Sperm  oil,  607 
Spheroidal  state,  233 
Spices,  preservative  effect  of,  660 


is 
artin 

BoJUolaf  waters,  80 


-.:  »   \    ..       ji    ..    , 

methylated,  601 

of  Ml 

of  wine,  643 
Spirits,  638 

of  turpentine,  498 
Spirting  avoided, 
Sponge,  643 

ashes  of,  108 
Spongy  platinum,  414 
Spontaneous  combustion  of  phosphorus,  56 
Springs,  petrifying.  80 
Spring  water,  76,  109 
~;r  iting    i  rilvei    .  M 

8rO,  stronti  , 

BrO.COt,  carbonate  of  »tronti  i 
SrO  NfOfc  nitrate  of  strontia,  311 
,  SrO.SO,.  sulphal, 
Stain,  .»ved.  188 

StaltgmiteV  80 
Slaon.t. 

rinOfc  417 

dyalysed.  417 

bydrated,  417 
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Stannic  chloride,  SnCI-t,  418 
oxide,  Sn02,  417 
sulphide,  SnS2<  419 
Stannous  chloride,  SnCl2)  418 
oxide,  SnO,  417 
sulphide,  SnS,  418 
Star  antimony,  407 
Starch,  C6H1005,  512 

action  of  water  on,  514 
a  glucoside,  516 
and  iodine,  210 
blue,  325 
commercial,  513 
extraction  from  potatoes,  512 
rice,  513 
wheat,  513 
from    different   plants,  distinguished, 

514 

in  food,  514 
iodized,  515 
paste,  preparation,  86 
Stassfurlhite,  294,  444 
Staurotide  or  staurolite.   artificially   formed, 

217 

Steam,  composition  by  volume,  fi8 
decomposed  by  carbon,  119 
chlorine  182 
electric  sparks,  40 
heat,  40 

latent  heat  of.  461 
specific  gravity  calculated,  69 
Stearic  acid,  HC18H3502,  541,  597 
Stearic  glucose,  602 
Stearine,  C57Hi1006.  596 
candles,  598 
synthesis  of,  599 
Steatite,  313 
Steel,  348 

annealing,  350 
Bessemer,  351 
blistered,  349 
cast,  350 

distinguished  from  iron,  351 
German,  352 
hardening,  350 
Krupp's,  352 
made  with  coal-gas,  351 
manufacture,  348 
mild,  352 
natural,  352 
nitrogen  in,  351 
puddled,  352 
shear,  350 
tempering,  350 
tilted,  349 
titanium  in,  351 
Stereochromy,  301 
Sterro-metal,  375 
Stibethyle,  Sb(C2H5)3.  5601 
Stibiotriethyle,  560,  573 
Stibio-trimethyle,  560 
Still,  82 

Stockholm  tar,  497 
Stone,  artificial,  301 
-coal,  101 
decayed,  442 
test  of  durability,  442 
-ware,  440 
Storax,  500 

Stout,  composition,  520 
Straits  tin,  414 
Stream-tin  ore,  412 


Strontia  carbonate,  310 

nitrate,  SrO.N205,  310 
sulphate,  310 
Strontianite,  SrO.C02,  310 
Strontium,  Sr,  310 

action  on  water,  44 
diatomic,  318 

equivalent  and  atomic  weights,  318 
properties,  310 
sulphide,  310 
Struvite,  315 

Strychnine,  C2iH22N202,  623 
constitution,  569 
extraction,  623 
identified,  623 
properties  of,  623 
Stucco,  313 
Styracine,  500 
Styrole,  500 
Suberic  acid,  605 
Sublimate,  corrosive,  402 
Sublimation,  153,  502 
Sublimed  sulphur,  449 
Substitution,  44 

of  chlorine  for  hydrogen,  183 
Substitutive  formulae,  116 
Succinic  acid,  H2C4H404,  502,  605 

conversion  into  tartaric,  612 
formed  from  tartaric,  612 
Succussion,  241 
Suet,  607 

Sugar,  action  of  oil  of  vitriol  on,  241 
adulteration,  524 
-candy,  528 
-cane,  composition,  526 
extraction,  526 
from  beet-root,  527 
linen,  &c.,  524 
-lime,  528 
loaf,  527 
maple,  527 
of  flesh,  640 
of  fruits,  C6Hi206,  525 
of  gelatine,  642 
of  manna,  529 
of  milk,  Ci2H24Oi2,  635 
preservative  effect  of,  660 
raw,  526 
-refining,  98,  526 
starch-,  524 
uncrystallizable,  525 
with  chloride  of  sodium,  528 
with  oxide  of  lead,  528 
Sugars,  524 

chemical  properties,  528 
optical  properties,  528 
Sulphamylic  acid,  551 
Sulphantimoniates,  412 
Sulphantimonites,  412 
Sulpharsenic  acid,  282 
Sulpharsenious  acid,  282 
Sulphate  of  soda  and  lime,  302 

crystallization  of,  73 
composition,  73 
Sulphates,  244 

acid,  244 

action  of  heat  on,  245 

additive  formulae  of,  245 

double,  245 

in  common  use,  245 

native,  220 

normal,  285 

reduced  to  sulphides,  246 
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SBlpbaUs.  subftilntive  formula  of,  245 

Sulphide..  ISO 

action  of  air  on,  231 


Sulphuric  aeid,  11,80,,  235 

action  on  bronidM,  207 


precipitated 


bj  kj*  nlfUsjt,  Ml 


Sulpbocarbonie 

QMtTiiBna>M  a  ail  rl  • 
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i 
normal  ratio  of,  286 


J.I 

251 


:•  .1 


Sulphocyanogen.  CyS.  471 
My*  rii  •..•       „-,  i     ,  - 
Sulpboleic  aeid.  5V9 
Sulpbopalmitic  acid.  599 

-.;,<:,>.,        •-     ,.     „      ..;.- 
HM|fili*^^jM|Ki»»4«  Asuijl    Adi 

Solphoetearic  acid.  599 
Salpbovioie  acid.  C,H»H60«.  550 
lypbosphorie  aci  i 

N    ,;,.T'    I      3 

la,  230 
action  of  alkalies  on.  226 

lime- 
all.. tropic  states  of,  225 
amorphous  or  insoluble,  224 

''  ' 


relatiou.  226 

combining  volume.  227 
dicbloride,  S,CI3l  253 

1  hou*.  225 
diftilled.  222 
ductile.  224 
electronegative,  224 
eleetroi 

examination  of,  449 
extraction.  221 

from  copper  pyrites,  223 
iron  pyrites,  222 

from  toda-WMte,  298 
flowers  of.  222 
for  gunpowder.  448 
fluetion  tn  gunpowder,  449 

'.'...' 

,     ,:i,     .,      :•,; 
milk  of.  223 

oerarrenee  in  nature,  220 
oeUbedral,  225 
of  coal  mine-,  131 


fluor-spar,  214 
lead,  240 

metallic  oxides,  244 
metals,  242 
organic    m 

silver,  243 
anhydrous.  243 

preparation,  235 
attraction  f..r  water,  242 
in  .liluting,  242 
combinations  with  water,  243 
composition.  244 
concentrated.  241 

decomposition  by  heat,  242 

distill'i- 

formation,  236 

from  the  chambers,  240 

fnminv 

glacial,  243 

hydrated,  11,0.80s,  235 

manufacture,  238 

chemical 
oiplr 

history  of. 


m 

oxidiaed.  and  dUaolved.  226 


r  Mtii  m 

r  fttHm  m 

,.,.,„ 

rough.  221 
-eaJU,  230 
robiodide.  R,!,.  253 

..if         .  .         )         •    •    » 

.;..  Z  1  1 

MM.  223 

r.por  d.n.ity,  227 
-  .  atari    BJ  w,-,..     -; 
Bnlpbaretted  hydroftea,  H,8,  227 


summary,  241 
Nordhausen,  235 
polymerising  by,  481 
reduced   by    bydriodic   acid, 

212 

use  in  gas-analysis,  243 
Tapor-density  of,  244 
anhydride.  243 

decomposed  by  heat,  243 
ether,  554,  550 
ng  casks.  234 
us  acid.  60,.  232 

a  reducing  agent,  234 
action     on    hydroouli 

acid,  249 
nit: 

nitric  peroxide, 
237 

248 

hydrated,  235 
liquefaction,  232 


by 
acid.  267 

M  .IT.!!.-  i     b  in 

solubility  in  water,  233 
anhydride,  235 
iryle,  234 
Sumach.  616 
Superphosphate  of  Hmr 
Supersaturated  solnti.  • 
-  or,,  334 

Sweet  oil,  «04 

Sweet  spirit,,  of  nitre,  548 
>•,.,,-,   .ji 
SyUic  acid.  499 

Sympathetic  ink,  74 
Synaptase,  503 
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Synthesis  of  acetic  acid,  559,  590 

acids  of  the  acetic  series,  593 

butyric  acid,  593 

formic  acid,  592 

guanidine,  571 

hippuric  .acid,  647 

hydrocyanic  acid,  124 

leucic  acid,  587 

natural  fats,  599 

organic  substances,  122,  464 

propylic  acid,  559 

prussic  acid,  124 

taurine,  655 

urea,  643 

volatile  fatty  acids,  593 

water,  64 

by  weight,  69 


T,  tartaric  acid,  610 

Tagalite,  377 

Talc,  313 

Tallow,  596,  607 

Tank-waste,  246 

Tannic  acid,  615 

Tannin,  615 

Tanning,  615 

Tantalic  acid,  422 

Tantalite,  422 

Tantalum,  Ta,  422 

Tap-cinder,  composition,  345 

Tapioca,  515 

Tar-charcoal,  448 

Tar,  coal,  479 

wood,  494 

Tarragon,  essential  oil  of,  505 
Tartar,  610 

salt  of,  292 

-emetic,  611 

Tartaric  acid,  H2C4H406,  610 

artificial  formation,  612 
conversion  into  malic  acid,  612 
conversion  into  succinic  acid, 

612 

formed  from  succinic  acid,  612 
anhydride,  611 

Tartrate  of  potash  and  soda,  612 
Taurine,  C2H7N03S,  655 

artificial  formation,  656 
Taurocholic  acid,  655 
Tawing,  616 
Te,  tellurium,  254 
Tea,  composition,  621 
Telluretted  hydrogen,  255 
Telluric  acid.  Te03,  255 
Telluride  of  bismuth,  255 
Telluride  of  potassium,  255 
Tellurium,  Te,  254 

characterized,  255 
foliated,  225 
graphic,  255 
sulphides,  255 
Tellurous  acid,  Te02,  255 
Temper  spoilt,  351 
Tempering,  colors  in,  351 
Tenacity  of  copper,  373 

iron,  373 
Tendons,  642 
Tentiantite,  273 
Terebene,  498 
Terebilene,  498 
Terequivalent  elements,  191 
Terne-plate,  415 


Terpinole,  499 

Terstearine,  599 

Test-tube,  63 

Tetrad  elements,  191 

Tetramethyliutn  hydrate,  567 

Tetramines,  572 

Tetramylium,  hydrate,  567 

Tetratbionic  acid,  248 

Tetratomic  elements,  191 

Tetrethylarsonium,  hydrate,  573 

Tetrethylium,  hydrate,  N(C2H5)4HO,  566 

iodide,  566 
Tetrethylphosphonium,  hydrate,  573 
Tetrethylstibonium  hydrate,  573 
Tetrethyl-urea,  645 
Thallium,  Tl,  392 

alcohol,  553 

extracted  from  flue-dust,  392 
for  green  fire,  392 
salts,  392 
Theine,  C8HioN402,  621 
Thenardite,  302 
Theobromine,  C7H8N402,  622 

converted  into  caffeine,  623 
Theory,  atomic,  41 

Thermometers  for  very  low  temperatures,  250 
Thionyle,  234 
Thiosinnamine,  564 
Thorina,  325 
Thorinum,  Th,  325 
Thorite,  325 

Thyme,  essential  oil  of,  499 
Tile  copper,  371 
Tiles,  441 
Tin,  Sn,  412 

action  of  acids  on,  416 

nitric  acids  on,  416 
on  hydrosulphuric  acid,  229 

water,  45 
alloy s  of,  415 
amalgam,  400 
bichloride,  SnCl4,  418 
binoxide,  Sn02,  417 
bisulphide,  SnS2,  419 
boiling,  414 
crystals,  418 
dropped,  414 

extraction  in  the  laboratory,  414 
foil,  414 
grain,  414 
identified,  414 
impurities,  417 
metallurgy  of,  412 
nitrornuriate,  SnCI4,  418 
Tin  ore  of  Montebras,  422 
Tin  ores,  mechanical  treatment  of,  412 
oxychloride,  418 
plate,  414 
properties  of,  414 
protochloride,  SnCl2,  418 
protosulphide,  SnS,  418 
protoxide,  SnO,  417 
pure,  preparation,  417 
pyrites,  SnS,  419 
refining  by  liquation,  413 
salts,  418 
sesquioxide,  418 
stannate,  418 
-stone,  Sn02,  412 
tree,  418 
Tincal,  149 

refining  of,  300 
Tinned  iron,  414 


45 
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Tinning  bra*..  415 

copper.  41  & 
T.«  T«I/,  r^'i'.  CoA»,.  S61 

dialymed.  410 

extracted  fmm  iron  Mod.  419 
bjdrmud.  419 
properties  420 
334 
Tiun.nm.  Ti.  419 

bichloride,  420 

bUalpbide.  420 

metallic.  420 

nitride.  420 

420 

Mequicbloride,  420 

•eequioxide,  420 
TI.  thallium.  392 
Tot*.  615.  523 
Tobeaeo.  023 
Tokar.  538 
Tola  bal»m,  600 


501 
Toluidine.  484,  489,  508 

479 
Tolylene,  571 

mint,  671 
Topaz,  2K. 
Touch  paper.  440 
7WA*0iM,  160 
Translation.  raU  of,  49 
Traprori.  324 
Treacle,  525 
Tree.waxof  Japan.  608 
Triaceline.  589 
Triacid  triamine*,  571 
Triad  •Um«oU,  191 
Tri.minw. 
Tri.myl.mine,  507 
Trimtomic  element*.  191 
pbo^pbatM,  266 

p|     ,     -     MU   IK 

Tr,b*«oyl.pbo.pbWe,  576 
Tribeniyl.min*.  5H4 
Triborelhyle.  Ii(C,H&)i,  660 

•  mine.  607 

rawtic  Mid.  lldCliO,.  68f 
Trichlor.nilme.  674 
Trichlorbydrine.  484 

of  pbtooM,  484 

TriMbTlaiui-  506 

vlartio*.  A.(C,II»)fc  659.  673 
TrietbyleneKwietbjI.ietniaimooiom,  bjdrmU, 
672 

l,  688 


Trt.thylene.tetramine,  667 
Trielhylene  t  I    C,IIt),,  666 

.jlpboepbtt.. 
Tneth> 

-tbylaaine,  667 

Tr.'^lro-cellul^e.  631 

1 
Triple  phoepbale   316 

i  •  '•  r. 

I    H 

binoiide.  421 
blue  oxide.  421 
..  421 


Tungnten.  roetalli. 

MparaUd  from  tin  ore 

•alpbide*.  421 

Tangttic  acid.  W^  420 
>ied.  420 

Turbith  or  tarpetb  mineral,  402 
Turkey  red.  620 
Turmeric,  027 

action  of  boracic  acid 
Turnbull't  blue,  Fe,PdCv 
Turner'*  yellow.  391 
TarpenUne,  C10H,fc  498 

action  of  nitric  aoid  on,  34 

hydrate,  498 


inch 

Tuyere  pipe*,  335 
Type  furniture  alloy,  383 
Type  metal.  387,  416 
Type*,  chemical.  190 


U,  uric  Mid.  646 

I'lionte  of  ammonia  as  manure,  643 

I  him- acid,  053 

marine,  artificial.  324 

green,  324 
Umber.  319 
Unieqniralent  element!,  191 

.  286 

formula?.  75 
UpeMt  abaft,  108 

oxide*.  332 
Urea,  CH,X:0,  043 

analytis  of,  100 
artificial  formation,  044 
chemical  <  '»44 

extraction  from  urine,  043 
iaomeric  with  cyanate  of  ammonia,  044 
nitrate,  043 
I'reide*.  045 
Uric  Mid,  H,C&II,N«0,.  646 

Mti..  id  on,  646 

bibasic,  040 

extraction  from  boa-excrement,  040 

•.  046 
Urine,  043 

M  manure,  050 
eompoeltion,  648 
putrefaction  of,  643 


Valerian.  «•  499 

Valerian  root,  594 
Valerin. 
Valerolaetie  acid.  686 

Val.ryU.  683 
Van,, -Vic  acid.  422 
Vanadium.    V.  422 

obloridM,  422 

ink 

tllic.  422 

sulphide.  422 
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Vapor-densities,  influence  of  temperature  on, 

226 

Vapor-densities  of  the  olefines,  542 
Varnishes,  502 
Vegetable  parchment,  243 
Vegetation,  chemistry  of,  648 
Venetian  red,  355 
Venice  turpentine,  498 
Ventilation,  illustrations  of,  107 

necessity  for,  107 
Veratrine.  563 
Verdigris,  589 
Verditer,  377 
Vert  de  Guignet,  365 
Vermilion,  HgS,  405 
Vesta  matches,  199 
Vinegar  composition,  522 

French,  522 

malt,  522 

manufacture,  521 

mother  of,  522 

sulphuric  acid  in.  522 

white  wine,  522 
Vinic  acids,  550 
Vitelline,  640 
Vitriol-chambers.  239 

corrosive  properties  of,  241 
Vivianite,  356 
Volcanic  ammonia,  300 
Volcano,  artificial,  226 
Voltameter,  66 

Volume  of  gas,  calculation  of,  48 
Volumes,  combining,  69 

of  compound  gases,  69 
Vulcanized  caoutchouc,  510 
Vulcanite,  510 


W,  tungsten,  420 
Wad,  358 

Walls,  efforescence  on,  302 
Washing  precipitates,  145 
Wash-leather,  616 

Watch-spring  for  burning  in  oxygen,  60 
Water,  H20r  37 

action  upon  metals,  43 

analysis,  37 

chemical  relations  of,  72 

crystallization  of.  84 

decomposed  by  battery,  37 
heat,  40 

distilled,  82 

electrolysis  of,  37 

from  natural  sources,  75 

-gas,  118 

hard,  77 

of  constitution,  74 

of  crystallization,  Aq.,  74 

oxygenated,  84 

purification,  82 

soft,  77 

synthesis,  64 
Waterproof  cloth,  510 

felt,  510 
Waters,  ammonia  detected  in,  404 

mineral,  82 

Water-type  theory  of  acids  and  salts,  288 
Watery  vapor,  84 
Wavellite,  325 
Wax,  bees',  607 

bleaching,  608 
Chinese,  607 
Weld,  625 


Welding,  347 

Weldon!s  chlorine  process,  178 

Well-water,  76 

Welsh  coal,  101 

Whale-oil,  606 

Wheat,  composition,  513 

sprouted.  516 
Wheaten  flour,  522 
Whey,  635 
Whisky,  538 
White  gunpowder,  197 
iron,  340 
lead,  389 

manufacture,  390 
ore,  PbO.C02,  380 

metal,  Cu2S,  369 

precipitate,  NHjHgCl,  403 
fusible,  403 

vitriol,  331 

Willow-bark,  bitter  principle,  505 
Windows,  crystals  on,  303 
Wine,  536 
Wines,  dry,  536 

fruity,  536 

proportion  of  alcohol  in,  537 

red,  536 

ropy,  521 

white,  536 

Winter-green  oil,  496 
Wire  iron,  345 
Withente,  BaO.C02,  308 
Wolfram,  412,  420 
Wood,  carbonization  of  95 

-charcoal,  94 

combustion,  94 

composition,  493 

destructive  distillation  of,  95,  493 

for  gunpowder-charcoal,  447 

-naphtha,  CH40,  495 

preservation  of,  653 

-smoke,  660 

-spirit,  495 

-tar,  494 

Woody  fibre,  494 
Wool,  643 

Wool  and  cotton,  separation,  643 
Worm,  82 
Wormwood,  501 
Wort,  518 
Wrought  iron,  341 


Xantheine,  625 
Xanthine,  625 
Xylidine,  489 
Xyloidine,  536 
Xylole,  479 


Yeast,  518 

dried,  520 
Yellow,  chrome,  364 

dies,  630 

fire,  composition  for,  300 

flowers,  625 

ochre,  334 

orpiment,  281 

Paris,  391 
Yttrium,  Y,  325 
Yttrotautalite,  422 


Zaffie,  362 
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.acetimide,  577 
action  of  air  on.  326 

hydrochloric  acid  on.  1 
•ulpburic  acid  on.  330 
OB  wmUr,  45 

.'.I'  - 


;,,, 


''.,  :'..•?-  "  .; 
-amyle.  568 

;il    1       \  .  .•••!:       i 

lide,  279 


276 

boiling-point.  327 
I  ,->.  Mb   ..j; 
chloride.  331 
diMolred  by  potatb,  330 

1.  327 

•quiralent  and  atomic  weight*,  4 
ethyl..  ZntCA)^  4W 
extraction.  327 

Belgian  method,  329 
English  method,  328 


lotion.  8ile«ian  method, 
granulate.! 


mined,  330 

metallurgy  of,  327 
-methyl*.  558 

l«.  577 
ores,  327 
oxide,  ZnO,  330 
in  glaat,  438 
oximide. 

pbenylimide,  577 
remoral  of  lead  from,  330 
.ulphate,  ZnO.SO*  331 

action  of  heat  on,  245 
sulphide.  327 
ralerianate,  594 

te,  330 
Zircon,  326 

la,  326 
Zirconium.  Zr,  326 

^nlphide  of  line.  327 
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separately,  so  that  they  can  be  removed  and  bound  on  completion.  In  this  manner 
subscribers  have  received,  without  expense,  such  works  as  "WATSON'S  PRACTICE," 
"  TODD  AND  BOWMAN'S  PHYSIOLOGY,"  "WEST  ON  CHILDREN,"  "  MALGAIGNE'S  SUR- 
GERY," "STOKES'S  LECTURES  ON  FEVER,"  &c.  &c.  With  July,  1876,  was  commenced 
the  publication  of  GOSSELIN'S  "  CLINICAL  LECTURES  ON  SURGERY,"  translated  from  the 
French  by  LEWIS  A.  STIMSON,  M.D.,  Surgeon  to  the  Presbyterian  Hospital,  New  York 
(see  p  28).  Gentlemen  commencing  their  subscriptions  with  1877,  can  obtain  the 
portion  of  "GossKUx"  issued  in  1876  for  Fifty  cents,  if  remitted  promptly. 

As  stated  above,  the  subscription  price  of  the  "  MEDICAL  NEWS  AND  LIBRARY"  is 
ONE  DOLLAR  per  annum  in  advance;  and  it  is  furnished  without  charge  to  all  advance 
paying  subscribers  to  the  "AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES." 

III. 

THE  MONTHLY  ABSTRACT  OF  MEDICAL  SCIENCE. 

The  "MONTHLY  ABSTRACT"  is  issued  on  the  first  of  every  month,  each  number  con- 
taining forty-eight  large  octavo  pages,  thus  furnishing  in  the  course  of  the  year  about 
six  hundred  pages.  The  aim  of  the  ABSTRACT  will  be  to  present  a  careful  condensa- 
tion of  all  that  is  new  and  important  in  the  medical  journalism  of  the  world,  and  ail 
the  prominent  professional  periodicals  of  both  hemispheres  will  be  at  the  disposal 
of  the  Editors.  To  show  the  manner  in  which  this  plan  has  been  carried  out  it  is 
sufficient  to  state  that  during  the  first  nine  months  of  the  year  1877  it  contained — 

25  Articles  on  Anatomy  find  Physiology. 

42  '          "    Matt-ria  Jledica  and  Therapeutics. 

156  <         "   M'-tHcine. 

119  <         "   Surgery. 

09  '         "  Midii'if<"ry  and  Gynaecology. 

!>          <  "  Medical  Jurisprudence  and  Toxicology — 

or  at  the  rate  of  FIVE  HUNDRED  and  FIFTEEN  articles  in  a  single  year. 

The  subscription  to  the  "  MONTHLY  ABSTRACT,"  free  of  postage,  is  Two  DOLLARS 
AND  A  HALF  a  year,  in  advance. 

As  stated  above,  however,  it  will  be  supplied  in  conjunction  with  the  "AMERICAN 
JOURNAL  OF  THE  MHDICAL  SCIENCES"  and  the  "MEDICAL  NEWS  AND  LIBRARY,"  making 
in  all  about  TWENTY-ONE  HUNDRED  pages  per  annum,  the  whole  free  of  postage,  for 
Six  DOLLARS  a  year,  in  advance. 

Those  who  desire  to  have  complete  sets,  can  still  procure  Yol.  I.  July  to  Decem- 
ber, 1874,  1  vol.  8vo.,  cloth,  of  about  300  pages,  for  $1  50,  and  Vol.  II.  and  III.  tor 
1875  and  1876,  1  vol.  8vo  ,  of  about  600  pages  cloth,  for  $3  00  each. 

In  this  effort  to  bring  so  large  an  amount  of  practical  information  within  the  reach 
of  every  member  of  the  profession,  the  publisher  confidently  anticipates  the  friendly 
aid  of  all  who  are  interested  in  the  dissemination  of  sound  medical  literature.  He 
trusts,  especially,  that  the  subscribers  to  the  "AMERICAN  MEDICAL  JOURNAL"  will  call 
the  attention  of  their  acquaintances  to  the  advantages  thus  offered,  and  that  he  will 
be  sustained  in  the  endeavor  to  permanently  establish  medical  periodical  literature 
on  a  footing  of  cheapness  never  heretofore  attempted. 

PEEMITJM  FOE  OBTAINING  NEW  SUBSCEIBEES  TO  TEE  "JOUSNAL" 

Any  gentleman  who  will  remit  the  amount  for  two  subscriptions  for  1877,  one  of 
which  must  be  for  a  new  subscriber,  will  receive  as  a  PREMIUM,  free  by  mail,  a  copy  of 
"FLINT'S  ESSAYS  ON  CONSERVATIVE  MEDICINE"  (for  advertisement  of  which  see  p.  15;, 
or  of  "STURGES'S  CLINICAL  MEDICINE"  (see  p.  14),  or  of  the  new  edition  of  "SWAYNE'S 
OBSTETRIC  APHORISMS"  (see  p.  24),  or  of  "TANNER'S  CLINICAL  MANUAL"  (see  p.  5), 
or  of  "  CHAMBERS'S  RESTORATIVE  MEDICINE"  (see  p.  18),  or  of  "WEST  ON  NERVOUS 
DISORDERS  OF  CHILDREN"  (see  page  21). 

%*  Gentlemen  desiring  to  avail  themselves  of  the  advantages  thus  offered  will  do 
well  to  forward  their  subscriptions  at  an  early  day,  in  order  to  insure  the  receipt  of 
complete  sets  for  the  year  1877,  as  the  constant  increase  in  the  subscription  list 
almost  always  exhausts  the  quantity  printed  shortly  after  publication. 

^1°  The  safest  mode  of  remittance  is  by  bank  check  or  postal  money  order,  drawn 
to  the  order  of  the  undersigned.  Where  these  are  not  accessible,  remittances  for  the 
'•JOURNAL"  may  be  made  at  the  risk  of  the  publisher,  by  forwarding  in  REGISTERED 
letters.  Address, 

HENRY  C.  LEA, 
Nos.  706  and  7^8  SANSOM  ST.,  PHILADELPHIA,  PA. 
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D1 

Lot*  Pro/" '  V«ffef««  f  »  St/hrsoii  Jfeffea/  GoOw  PMl^Uj+ia 

Con- 
taining A  concise  explanation  of  the  varioun  Subject*  ai.  logy, 
Pathology,  Hygiene,  Therapeutics.  Pharmacology,  Pharuincv.  Surgery,  Obit*- 
J"                                                                    -  "f  Climate  and  of  Mineral  Water*  ,   Formula*  for 
Officinal,  Ktnpiriral.and  Dietetic  Preparations;  with  the  Accentuation  and  Etymology  oi 
the  Terms,  and  the  French  and  other  Synonymes;  so  a*  to  constitute  a  French  as  well  aa 
English  Medical  Lex                                                                          ,«ed,  and  very  ,crraiU   ' 
ified  and  Augment?                                          MLI1OI.  M.D.     In  one  very  large  and  hand- 
mme  royal  octavo  volume  of  over  1100  pages.     Cloth.  $0  60  ;  leather,  rai.« 
(Jntt  Itiutd.} 

The  object  of  the  antbor  from  the  onUet  has  not  been  to  make  the  work  a  mere  lr  *  i 

.rj  of  terms,  but  to  afford,  under  each,  a  condensed  view  of  lit  various  medical  relations 

and  that  to  render  the  work  an  epitome  of  the  existing  condition  of  medical  science.     Starting 

with  thin  riew,  the  immense  demand  which  has  existed  for  the  work  ha*  enabled  him,  in  repeated 

•.».  to  augment  its  completeness  and  usefulness,  until  at  length  it  has  attained  the  position 

of  a  recognised  and  standard  authority  wherever  the  language  is  spoken. 

ml  pains  have  been  taken  in  the  preparation  of  the  present  edition  to  maintain  t 
viable  reput  ng  the  L  n  years  which  have  elapsed  since  the  last  revision,  the  a  1 

to  the  nomenclature  of  the  medical  sciences  have  been  greater  than  perhaps  in  any  t- 
of  the  past,  and  op  to  the  time  of  his  death  the  author  labored  assiduously  to  incorporat. 
thing  requiring  the  nit.  •  r      Since    then,  the  editor  bus  been 

equal!;  -.  PO  that  the  additions  to  the  vocnbalary  are  more  numerous  than  in  •> 

.vision.     Especial  attention  has  been  bestowed  on  the  accentuation,  which  will  be  found 
marked  on  every  word.     The  typographical  arrangement  has  been  much  improved,  rendering 
reference  much  more  eo.«y.  and  every  care  has  been  taken  with  the  mechanical  ex. 
work  has  be.  -tnull  I.  tit  exceedingly  clear,  with  an  enlarged  page,  so  that 

the  additions  have  been  incorporated  with  an  increase  of  but  little  over  a  hundred  pages,  and 

lume  now  contains  the  matter  of  at  least  four  ordinary  octavos. 
A  bonk  «•)!  known  to  our  reader*.  nn<!  of  which 
•very  American  ounlil  to  »•«•  proud.     Wh«-n  the  learnt*! 
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JJOBLYN  (f  />.),  M.D. 


A   M(  TTHMS  USKI*   IN    MEDICINE   AND 

..i.  with  numerous  additions,  by  ISAA< 

M.D.  \meHcanJoarnaIoftheMe.i  stj."     In  one  large  royal 

llmo.  volume  of  over  &00  double-columned  pages  ;  cloth,  tl  60  ;  leather,  $2  00. 
*  b*st  book  of  defalUoa*  w*  hav«.  aad  ought  alway*  to  be  apon  the  itadeat  'i  table.— 8o+tk>rn 


HENRY  C.  LEA'S  PUBLICATIONS — (Manuals). 


A  CENTURY  OF  AMERICAN  MEDICINE,  1776-1876.  By  Doctors  E.  H. 
•"•  Clarke,  H.  J.  Bigelow,  S.  D.  Gross,  T.  G.  Thomas,  and  J.  S.  Billings.  In  one  very  hand- 
some 12mo.  volume  of  about  350  pages  :  cloth,  $2  25.  (Just  Ready.) 

This  work  has  appeared  in  the  pages  of  the  American  Journal  of  Medical  Sciences  during  the 
year  1876.  As  a  detailed  account  of  the  development  of  medical  science  in  America,  by  gentle- 
men of  the  highest  authority  in  their  respective  departments,  the  profession  will  no  doubt  wel- 
come it  in  a  form  adapted  for  preservation  and  reference. 

One  of  the  most  charming  /souvenirs  of  the  year,  ,  ofitsenterprisingpublisher.  No  gentleman's  library 
just  passed,  is  the  vohime  before  us.  Although  in-  i  in  complete  without  it.  As  historical  reports  the 
tended  asan  especial  offeringto  the  American  medical  |  various  papers  composing  the  work  have  never  been 
profession,  this  work  is  likely  to  awaken  more  than  |  equalled  on  this  side  of  the  Atlantic.  The  publisher 
national  interest.  A  record  of  medical  discovery,  i  bus  displayed  rare  perspicuity  in  his  choice  of  edi- 
medicalliterature,  distinguished  medical  men,  of  the  |  tors;  certainly  no  more  competent  group  of  medical 
last  hundred  years,  the  work  must  be  regarded  as  men  in  this  country  could  have  been  selected.  But 


one  of  permanent  value;  dealing  as  it  does  with  the 
history  of  medicine  in  the  United  States,  it  will  in- 
evitably be  used  and  largely  quoted  by  the  future 
medical  histograpbers  of  all  countries.  As  abook  it 
can  also  be  commended  to  the  non-professional 
public,  and  we  shall  be  much  surprised  if  its  sale 
does  not  far  surpass  the  most  sanguine  expectations 


the  review  is  becoming  too  long  and  we  must  drop 
our  pen,  only  saying,  in  conclusion,  to  our  nume- 
rous readers,  buy  a  copy  of  this  book  if  you  wish  to 
pass  your  leisure  hours  perusing  something*  n  tensely 
interesting  and,  at  the  same  time,  wonderfully  in- 
structive.— Oincin.  Lancet  and  Observer,  Dec.  '76. 


TfODWELL  (G.  F.),  F.R.A.S.,  frc.. 

A  DICTIONARY  OF  SCIENCE:  Comprising  Astronomy,  Chem- 
istry, Dynamics,  Electricity,  Heat,  Hydrodynnmic?,  Hydrostatics,  Light,  Magnetism, 
Mechanics,  Meteorology,  Pneumatics,  Sound,  and  Statics.  Preceded  by  an  Essay  on  the 
History  of  the  Physical  Sciences.  In  one  handsome  octavo  volume  of  694  pages,  and 
many  illustrations  :  cloth,  $5. 

EILL  (JOHN),  M.D.,    and     &MITH  (FRANCIS  G.),  M.D., 

Prof,  of  the  Institutes  of  Medictneinthe  Univ. of  Penna. 

AN    ANALYTICAL    COMPENDIUM    OF    THE    VARIOUS 

BRANCHES  OF  MEDICAL  SCIENCE;  for  the  Use  and  Examination  of  Students.  A 
new  edition,  revised  and  improved.  In  one  very  large  and  handsomely  printed  royal  12rno . 
volume,  of  about  one  thousand  pages,  with  374  wood  cuts,  cloth,  $4;  strongly  bound  in 
leather,  with  raised  bands,  $4  75. 

TJARTSHORNE  (HENRY),  M.  D., 

Professor  of  Hygiene  in  the  University  of  Pennsylvania. 

A    CONSPECTUS    OF    THE    MEDICAL   SCIENCES;   containing 

Handbooks  on  Anatomy,  Physiology,  Chemistry,  Materia  Medica,  Practical  Medicine, 
Surgery,  and  Obstetrics.  Second  Edition,  thoroughly  revised  and  improved.  In  one  large 
royal  12mo.  volume  of  more  than  1000  closely  printed  pages,  with  477  illustrations  on 
wood.  Cloth,  $4  25  ;  leather,  $5  00.  (Lately  Issued.) 


their  memories  with  the  smallest  possible  expendi- 
ture of  time. — N.  Y.  Med.  Journal,  Sept.  1874. 

The  student  will  find  this  the  most  convenient  and 
useful  book  of  the  kind  on  which  he  can  lay  his 
hand. — Pacific  Med.  and  Surg.  Journ.,  Aug.  1874. 

This  is  the  best  book  of  its  kind  that  we  have  (M-,>r 


The  work  before  us  has  already  successfully  assert- 
ed its  claim  to  the  confidence  and  favor  of  the  profes- 
sion •  it  but  remains  for  us  to  say  thai  in  the  present 
edition  the  whole  work  has  been  fully  overhauled 
and  brought  up  to  the  present  status  of  the  science.— 
Atlanta  Med.  and  Surg.  Journal,  Sept.  1S74. 

The  work  is  intended  as  an  aid  to  the  medical  stu- 
dent, and  as  such  appears  to  admirably  fulfil  its  ob- 
ject by  itsexcellent  arrangement,  thefullcornpilation 
of  facts  the  perspicuity  aud  terseness  of  language, 
and  the  clear  aud  instructive  illustrations  m  some 
parts  of  the  work.— American  Journ.  of  Pharmacy, 
Philadelphia,  July,  1874. 

The  volume  will  be  found  useful,  not  only  to  stu- 
dents, but  to  many  others  who  may  desire  to  refresh 

TUDLOW(J.L.),  M.D. 
A   MANUAL   OF   EXAMINATIONS   upon    Anatomy,   Physiology, 

Surgery,  Practice  of  Medicine,  Obstetrics,  Materia  Medica,  Chemistry,  Pharmacy,  and 
Therapeutics.  To  which  is  added  a  Medical  Formulary.  Third  edition,  thoroughly  revised 
and  greatly  extended  and  enlarged.  With  870  illustrations.  In  one  handsome  royal 
12mo.  volume  of  816  large  pages,  cloth,  $3  25  ;  leather,  $3  75. 

The  arrangement  of  this  volume  in  the  form  of  question  and  answer  renders  it  especially  suit- 
a  >le  for  the  office  examination  of  students,  and  for  those  preparing  for  graduation. 


examined.  It  is  an  honest,  accurate,  and 
compend  of  medical  sciences,  as  fairly  as  possible 
representing  their  present  condition.  The  chances 
and  the  additions  have  been  so  judiciousand  thornnsrh 
as  to  render  it,  so  far  as  it  goes,  entirely  trustworthy. 
If  students  must  have  a  conspectus,  they  will  be  wise 
to  procure  that  of  Dr.  Hartshorue.— Detroit  Rev.  of 
Med  and  Pfiarm.,  Aug  1874. 


WANNER  (THOMAS  HAWKES),  M.D.,  £c. 

2  A  MANUAL  OF  CLINICAL  MEDICINE  AND  PHYSICAL  DIAG- 
NOSIS. Third  American  from  the  Second  London  Edition.  Revised  and  Enlarged  by 
TILBURY  Fox,  M.  D.,  Physician  to  the  Skin  Department  in  University  College  Hospital, 
Ac.  In  one  neat  volume  small  1 2mo. ,  of  about  375  pages,  cloth,  $1  50. 

*#*  On  page  611,  it  will  be  seen  that  this  work  is  jffered  as  apremium  for  procuring  new  sub- 
scribers to  the  "AMERICAN  JOURNAL  OP  THE  MEDICAI  SCIENCES." 


,av  C.  LEA'S  PUBLIOATIONB — (Anatomy). 


f'KA}'  (Hi 

Lecturer  on  Anatomy  at  «.  fhorgt't  Ho*p«al,  London. 

I>    SURGICAL.      The  PrawiDgs  by 

HTBB,  M.  D. ,  late  Demonstrator  on  Anatomy  at  St.  George's  Ho»(  <-se«. 

.»  jointly  by  the  AUTBOB  and  DB.  CABTBB.     A  new  American,  from  the  fifth  enlarged 

and  improved  London  edition.     In  one  magnificent  imperial  octavo  volume,  of  nearly  90t 

pages,  with  4«S  large  and  elaborate  engravings  on  wood.     Price  in  cloth,  $6  00  ;  lea- 

r.  raited  ban.il.  $7  00  ..I.) 

The  author  has  endeavored  in  this  work  to  cover  a  more  extended  range  of  subjects  than  if  cus- 
tomary in  the  ordinary  text-books,  by  giving  not  only  the  details  necessary  for  the  student,  but 
.!,->  the  application  of  those  ine  and  surgery,  thu*  r.  both 

a  guide  for  the  learner,  and  an  admirable  work  of  reference  for  the  active  practitioner.  The  en- 
gravings form  a  special  feature  in  the  work,  many  of  them  being  the  me  of  nature,  nearly  all 
original,  and  having  the  names  of  the  various  parti  printed  on  the  body  of  the  cut,  in  place  of 
figures  of  reference,  with  descriptions  at  the  foot.  They  thus  form  a  complete  and  splendid  series, 
which  will  greatly  assist  the  student  in  obtaining  a  clear  idea  of  Anatomy,  and  will  also  serve  to 
refresh  the  memory  of  those  who  may  find  in  the  exigencies  of  practice  the  necessity  of  recalling 
ills  of  the  dissecting  room ;  while  combining,  as  it  does,  a  complete  Atlas  of  Anatomy,  with 
-.jugh  treatise  on  systematic,  descriptive,  and  applied  Anatomy,  the  work  will  be  found  "f 
•ssential  use  to  all  physicians  who  receive  students  in  their  office,  relieving  both  preceptor  and 
pnpil  of  much  labor  in  laying  the  groundwork  of  a  thorough  medicnl  MUCH 

Notwithstanding  the  enlargement  of  this  edition,  it  has  be*n  kept  at  its  former  very  moderate 
ne  of  the  cheapest  works  now  before  the  profession. 

from  lime  to  time,  M  anceeaalTe  editions  have  s  P- 
peared,  w.  have  had  moeh  pleasure  in  expreeslBg 
the  general  judgment  of  the  wonderful  excellence  of 
Oray'a  Anatomy.— Cincinnati  Lanctt.  July,  1870. 
Altogether,  it  l.  unquestionably  the  moat  complete 
id  eervieeable  text-book  In  anatomy  that  ban  ever 


The Illustration*  are  beautifully  executed,  and  ren- 
der thte  work  an  Indispensable  adlunet  to  the  library 
of  the  snrgeoa.  This  remark  applle-  with  great  force 
-••  •orceon*  practicing  at  a  di»tnnr»  from  oar 
Urge  altles,  aa  the  opportunity  of  refreshing  their 
memory  by  actual  direction  In  not  always  attain- 

.  «f,  Aug.  1870. 

The  work  ta  too  well  known  and  appreciated  by  the 

need  any  comment.     N'«  medical  man 

can  aford  to  he  without  it.  If  Us  only  merit  were  to 

serve  a*  a  reminder  of  that  which  ao  aooa  becomes 

called  Into  frequent  ase.  v»«  .  the 

relations  and  names  of  the  complex  organism  of  the 

human  body.    The  present  edition  Is  much  improved. 

„,..„._     .„--., 

Cray's  Anatomy  haa  beea  ao  long  the  standard  of  complete  and  conveniently  arranged  • 

•>  with  -Tnrr  "t'l.l-nt  of  anat<>mv.  that  we  kind.  Is  to  repeat  what  each  generation  of  students 
aeed  do  no  more  than  call  attention  to  th*  Improve-  haa  learned  aa  a  tra<lltlon  of  the  elders,  and  verifled 
•eat  In  the  present  edlttoa.—  Detroit  £***•»  of  JTed.  by  personal  experience  —  jr.  7.  Mtd.  OauUt.  Dee. 
and  Pkarm..  Au«  :  I  17, 1870. 


been  prevented  to  the  student,  and  forms  a  striking 
contrast  to  the  dry  and  perplexing  volume* 
same  subject  through  which  their  predecessor- 

days  gone  by  —  #.  T.  Mtd.  fieeord,  June  1A, 
1870. 

To  eommend  Oray's  Anatomy  to  the  medlr 
fesslon  Is  almost  as  much  a  w-r« 
aa  It  would  be  to  give  a  favorable  notice  of  the  Bible 
la  the  religions  preaa.    To  say 


OJf/77/  (HBNRFB.),  M.D.,        and    TJORNER  (  WILLIAM  E.),X./>.. 

*^Pmf  •>/ Surgtiy  in  tlu  Unto,  of  Ptnna.,  Ac.  Lot*  Prqf.  of  Anatomy  in  Ou  Unto,  of  Pinna.  ,*r . 

c  of  the  Structure  o 

-..an  Body.     In  one  volume,  large  imperial  octavo,  cloth,  with  about  six  hundred  and 
fifty  beautiful  figures.     $4  60. 

The  plan  of  this  Atlas,  which  renders  It  ao  peca- 1  the  klad  that  haa  yet  appeared  ;  and  we  must  s.U, 
llarly  convenient  for  the  ttudent,  and  It*  superb  ar- 1  the  very  beautiful  manner  in  which  It  Is  "got  up, 
Teentlon.  ha  ve  been  already  pointed  out.  We  |  la  ao  creditable  to  the  country  a*  to  be  flattering  te 
ogratulat*  thestndeat  upon  the  completion     OUT  national  |.rlde,—JaMrfaa»  MvlicalJuwn.il. 
ef  this  Atlas,  aa  It  la  the  moat  convenient  work  oft 


WARD  A 

O  ro/nir*-  of  Phytiolngy  in  V»irrr»ity  dallt _ 

A  COU1  \CTICAL  IIJSTO  -  nn  Tntr 

the  Use  of  the  Microscope.     In  one  handsome  royal  12mo.  volume  of  304  pages,  with 
numerous  illustrations  :  cloth,  $2  00.     (Jutt  toady.) 

We  are  very  much  plea~<l  wit'  V  ,,f  thr  »^t  mrthoH.of  mr' 

u.ply  BOW  to  BSS  Ms  Inatrt. . 

1     '  >  '        •••:.••••     OIK,        .,        •../..      •>/,.,,.  Ui  ».  i    .: 

/ayTTwSH^^'  «;.    Ji't 

heartily  rseoeamend 

.......  .         /..    .   «!„       Msi 


a*  It   > 


-to^-^.,. 

.(•voUd  wholly  to  the  use  of  the  nrirreMope  la 
lyofhUtology     It  U  a  »rry  Ibonnigh  ao<i  prae- 


: 


•  •d  and  mod 
pa*-**.,  wltumorr 

•  '••BOwVlTsI  ' 

-    oo. 

.od,  f200. 


HENRY  0.  LEA'S  PUBLICATIONS — (Anatomy). 


(ERASMUS),  F.R.S. 
A  SYSTEM  OF  HUMAN  ANATOMY,  General  and  Special.    Edited 

by  W.  H.  GOBBKCHT,  M.  D.,  Professor  of  General  and  Surgical  Anatomy  in  the  Medical  Col- 
lege of  Ohio.  Illustrated  with  three  hundred  and  ninety-seven  engravings  on  wood.  In 
one  large  and  handsome  octavo  volume,  of  over  600  large  pages;  cloth,  $4  00;  leather, 
$5  00. 

The  publisher  trusts  that  the  well-earned  reputation  of  this  long-established  favorite  will  be 
Caere  than  maintained  by  the  present  edition.  Besides  a  very  thorough  revision  by  the  author,  it 
has  been  most  carefully  examined  by  the  editor,  and  the  efforts  of  both  have  been  directed  to  in- 
troducing everything  which  increased  experience  in  its  use  has  suggested  as  desirable  to  render  it 
a  complete  text-book  for  those  seeking  to  obtain  or  to  renew  an  acquaintance  with  Human  Ana- 
tomy.  

I-JEATH  (CHRISTOPHER),  F.  R.  C.  S., 

•*•-&-  Teacher  of  Operative  Surgery  in  University* College,  London. 

PRACTICAL   ANATOMY:   A   Manual   of  Dissections.     From  the 

Second  revised  and  improved  London  edition.  Edited,  with  additions,  by  W.  W.  KEEM, 
M.  D.,  Lecturer  on  Pathological  Anatomy  in  the  Jefferson  Medical  College,  Philadelphia. 
In  one  handsome  royal  12tno.  volume  of  678  pages,  with  247  illustrations.  Cloth.  $3  50  ; 
leather,  $4  60. 


Dr.  Keen,  the  American  editor  of  this  work,  In  his 
preface,  says  :  "  In  presenting  this  American  edition 
of  '  Heath's  Practical  Anatomy,1  I  feel  that  I  have 


been  instrumental  in  supplying  a  want  long  felt  for 
a  real  dissector's  manual,"  and 


this  assertion  of  its 


«ditor  we  deem  is  fully  justified,  after  en  examina- 
tion of  its  contents,  for  it  IB  really  an  excellent  work. 
Indeed,  we  do  not  hesitate  to  say,  the  best  of  its  class 
with  which  we  are  acquainted  ;  renembling  Wilson 
In  terse  and  clear  description,  excelling  most  of  the 
no-called  practical  anatomical  dissectors  in  the  scope 
of  the  subject  and  practical  selected  matter.  .  .  . 
In  reading  this  work,  one  is  forcibly  impressed  with 


taining  its  hold  upon  the  slippery  slopes  of  anatomy. 
—St.  Louis  Med.  and  Surg.  Journal,  Mar.  10,  1871. 

It  appears  to  us  certain  that,  as  a  guide  in  dissec- 
tion, and  as  a  work  containing  facts  of  anatomy  in 
brief  and  easily  understood  form,  this  manual  is 
complete.  This  work  contains,  also,  very  perfect 
illustrations  of  parts  which  can  thus  be  more  easily 
understood  and  studied;  in  this  respect  it  compares 
favorably  with  works  of  much  greater  pretension. 
Such  manuals  of  anatomy  are  always  favorite  works, 
with  medical  students.  We  would  earnestly  recom- 
mend this  one  to  their  attention;  it  has  excellence* 
which  mako  it  valuable  as  a  guide  in  dissecting,  as 


the  great  pains  the  author  takes  to  impress  the  sub-  •  well  a8in  8tudying  anatornr.—  Buffalo  MedicaTand 
j  ect  upon  the  mind  of  the  student.     He  is  full  of  rare    Surgicni  Journal, Jan.  1871 
».nd  pleasing  little  devices  to  aid  memory  in  main-  I 


BELLAMY (E.),  F.R.C.S. 

THE  STUDENT'S  GUIDE  TO  SURGICAL  ANATOMY:  A  Text- 
Book  for  Students  preparing  for  their  Pass  Examination.  With  engravings  on  wood.  In 
one  handsome  royal  12mo.  volume.  Cloth,  $2  25.  (Lately  Published.) 


We  welcome  Mr.  Bellamy's  work,  as  a  contribu- 
tion to  the  study  of  regional  anatomy,  of  equal  value 
to  the  student  and  the  surgeon.  It  is  written  in  a 
clear  and  concise  style,  and  its  practical  suggestions 
add  largely  to  the  interest  attaching  to  its  technical 
details  — Chicago  Med.  Examiner,  March  1,  1S74. 

We  cordially  congratulate  Mr.  Bellamy  upon  hav- 
ing produced  it  —  Med.  Times  and  Gat. 


We  cannot  too  highly  recommend  it. — Student's 
Journal. 

Mr.  Bellamy  has  spared  no  pains  to  produce  a  re- 
ally reliable  student's  guide  to  surgical  anatomy — 
one  which  all  candidates  for  surgical  degrees  may 
consult  with  advantage,  and  which  possesses  much 
original  matter.— Mad.  Press  and  Circular. 


riLELAND  (JOHN),  M.D., 

W  Professor  of  Anatomy  and  Physiology  in  Queen's  College,  Galway. 

A   DIRECTORY   FOR  THE   DISSECTION  OF  THE    HUMAN   BODY. 

In  one  small  volume,  royal  I2mo.  of  182  pages  :  cloth,  $1  25.  (Now  Ready.} 
This  work  makes  no  pretensions  to  be  a  manual  of  descriptive  anatomy,  the  aim  of  the  author 
being  to  furnish  such  instruction  as  will  enable  the  student  to  make  the  most  of  his  opportuni- 
ties in  a  practical  course  of  dissections.  It  in  nowise  supersedes  the  ordinary  text-books  of 
anatomy,  but  in  conjuuction  with  them,  will  afford,  in  a  clear  and  compendious  form,  the  infor- 
mation required  as  a  guide  in  the  dissecting-rooin.  The  author  is  well  known  as  one  of  the 
most  experienced  practical  anatomists  in  Great  Britain,  and  has  here  recorded  the  results  of 
many  years'  assiduous  labor  in  guiding  beginiers  through  this  arduous  part  of  their  training. 

The  distinguished  Professor  of  Anatomy  in  Galway        This  is  a  plain,  convenient,  dissecting  guide,  to  be 
has  done  good  work  by  the  publication  of  this  .small 
volume.  Every  student  of  anatomy  workingin  the  dis- 
secting room  must  often  have  felt  the  want  of  a  short, 


concise,  and  handy  guide  to  his  work, 
find  in  the  "Directory."    The  directioi 


This  he  will 
are  short, 


i«>t  overloaded  with  facts,  and  can  easily  be  read  over 
b.-;nre  beginning  a  part,  so  that  in  a  short  time  a 
•working  plan  of  the  proposed  method  of  procedure  is 
brought  clearly  before  the  student's  mind.  We  cor- 
dially recommend  every  dissector  to  provide  himself 
at  ouce  with  this  short  but  invaluable  "Directory." 
—Edtn.  Med.  Journ.,  Feb.  1877. 


used  over  the  subject.  As  such,  it  will  commend  it- 
self to  the  student  by  the  lucid  composition  and  du« 
tinct  directions  of  the  author. — Med.  and.  Surg 
Reporter,  Feb.  1877. 

This  volume  does  not  interfere  with  the  text-books 
in  comm  <n  use,  but  merely  supplements  them,  and 
prepares  the  dissector  for  many  practical  difficulties 
that  are  apt  to  perplex  the  inexperienced.  It  is  of  a 
convenient  size,  for  carrying  in  the  pocket,  and  should 
be  in  the  possession  of  every  student  of  medicine. — 
.V.  T.  Med.  Journ.,  March,  1S77. 


fJARTSHORNE  (HENRY),  M.D., 

•L-L  Professor  of  Hygiene,  etc  ,  in  thu  Univ.  ofPenna. 

HANDBOOK  OF   ANATOMY  AND   PHYSIOLOGY.     Second  Edi 

tion,  revised.   In  one  royal  I2mo.  volume,  with 220  wood  cuts:  cloth,  $1  75.  (Just  Issued.) 


8 


HENRY  C.  LIA'B  PUBLIOATIOHB — (Phytiology). 


R  (  WILLIAM  B.),  M  I 

\J  R«ffi*rnr  to  Pntoerstfy  of  London,  He 

mi  i    nr.MAN  PHY8IOLOG1 

M.B  ^ford.     A  new 

American  from  the  Eighth  Kevised  and  Ki.Ur. 

UsofMedicir.r  u.  thr  i 
octavo  volume,  of  1083  pages, 


-  <•   SMITH,  M.  D  ,  Professor 


sity  of  Pennrylvania.  etc.    In  one  very  large  and  han< 

with  t»  opiates  and  373  engravings  on  wood,  cloth,  $6  50  i  leather,  $6  60.     (7VW  / 

Tbe  great  work,  tbe  crowning  labor  of  tbe  distinguished  author  and  through  which  to  many 
genera  -nts  have  u  r  knowledge  of  Physiology,  has  been  almost  tn- 

pbosod  in  tbe  effort  to  adapt  it  thoroughly  to  the  requirements  of  modern  seienc. 

ft  has  had  several  revisions  at  tbe  experienced  band  of 

*er,  who  has  modified  and  enlarged  it  so  as  to  introduce  all  that  is  important 
investigation  sand  discoveries  of  England,  France,  and  Germany,  resulting  in  an  enlargement  of 

ne  fourth  in  the  text.     Tbe  series  of  illustrations  has  undergone  a  like  revision,  a  largo 
proportion  of  tbe  former  ones  having  been  rejected,  and  tbe  total  number  increased  to  nearly 
four  hundred      The  thorough  revision  which  tbe  work  has  so  recently  received  in  England,  has 
rendered  unnecessary  any  elaborate  additions  in  this  country    but  the  American 
foasor  Smith,  baa  introduced  sacb  matters  M  bis  long  experience  has  shown  him  to  be  r> 

i  very  care  has  been  taken  with  the  typographical  execution,  and  tbe  work  is 
presented,  with  its  thousand  closely,  but  clearly  printed  pagos.  as  emphatically  the  text  book  for 

I  ent  and  practitioner  of  medicine— tbe  one  in  which,  as  heretofore,  especial  care  is  -1 . 
to  show  the  applications  of  pbyiiology  in  tbe  various  practical  branches  of  medical  science. 
Notwithstanding  it*  very  great  enlargement,  the  price  has  not  been  increased,  rendering  this 
one  of  the  cheapest  works  now  before  the  profession. 

Urs  on  sleep  and  somnambulism:  chapters  on  ethnology ; 
a  full  section  on  generation,  and  abundant  references  to 
the  curiosities  of  phyniology.  as  the  evo  n 

penter  U,  as  we  have  *aid  at  the  start,  a  very  > 
pedia  of  modern  physiology 

The  merits  of  "Carpenter's  Physiology  are  so  widely 
known  and  appreciated  that  we  m'-  '-Hefty 

latest  edition  will  be  found 
prehennlve  embodiment  of  the  results  of  recent  • 
l"<i--»l  investigation.    Oare  ban  been  tak. 
the  practical Toaracter  of  the  original  « 

• 

evidence  of  the  amount  of  labor  that  has  been  bestowed 
upon  It  -rulshed  editor.  Mr  ! 

editor  has  made  the  laUot 

order  fully  to  cover  the  time  that  has  elapsed  since  the 
lastBnglUh<»l  Htd.  Jowivn 

A  more  thorough  work  on  physiology  could  not  be 
all  the  facts  disco* . 

tloner  should  be  with 

important  elementary    branch    of   medicine  - 

JaV*  and  S*ry  Journal,  Dec.  187«. 

We  regard  It,  as  a  text-book,  as  near  perfect  a*  could 
be.  and  a  book  of  reference  oflhe  great**!   vnlu 
practitioner,  the  »tu 

rffery,  Dec    : 


What  an  enormoa*  Ubor  the  editor  has  bad  to  perform 
Incorporating  Into  the  text  the  isolated 

i  MTI  ,-.  u    ;  ,  a     ..   ,  .•     -.  ,n  ;:,.•  B  :  ml    kjpsjN 
i  :  ahysfa   ...  MI  •  ••  eavH]  isAtHnd  :r  m  Mi 
tfucb  editing  U,  Indeed,  a  most  arduous  task, 


and  one  to  which  but  few  . 


the  work  has  h*»n  wrll   m,.i 
..-.and  no  mean  nkill  bsi  bMn  -xi. 
lotrodurinx  ...  nui'-h  that  i*  n-«,  and  leaving  the  work 
so  thorou«hly    "Carpenter's  Physlologj"  afUr   all.— 
Ohio  Xtd.  and  Surg.  Jvurn.,  Feb 
"Good  wine  need*  no  bush"  says  the  proverb,  and 

*T,  ..:  I    ISjd   UU   '   >!         :•   Ml   H     •    !    l«   '•  ::.-'«     .r,..r,'.r.   || 

carefully  Drouxht  down  as  thl.t-. 
Henry  Power,  need*  little  or  no  commeodaUoo  by  us. 
gMfaeoxrrmotu  advances  have  recently  been  made  in  our 

new  a 
a  received 
years. 

way  It  to  in  •  -.  as  It  seems  to  us,  is  the 

freat  value  of  the  book:  one  U  safe  In  sending  a  student 
nation  ooaimoM  any  given  subject,  per 
fectly 

.  found 

Tbnsfully  are  treated  the  vtruptureand  functi 
tbe  imporuut  organs  of  the  body,  while  there  are  chap 


Meoxrrmotu  avances  ave  receny  een  mae 
pkyaloloffeal  knowledge,  th.t  what  was  perfectly 
year  or  two  ago.  looks  now  as  If  it  bad  been  a  re 
and  establtoUd  fact  for  years.  In  this  encyclo 


on  Utd.  Ttmu*  mud  Gattttt. 


I  WILLIAM  SENHOUSE),  M  /). 
A  MANUAL  OK  PHYSIOLOGY, 

M.D.,  F.R.C.6.  A  new  American  from  the  eighth  and  improved  London  edition.  With 
abont  two  hundred  and  fifty  illustrations.  In  one  large  and  handsome  royal  12mo.  vol- 
ume. Cloth,  $3  26;  leather,  $9  75.  (Laf«/y  Ittutd.) 

Kirkes'  Physiology  has  long  been  known  M  a  concise  and  exceedingly  convenient  to, 

tig  within  a  narrow  compass  all  that  is  important  for  the  stu 

which  nuccessive  editions  have  followed  each  other  in  England  has  enabled  the  editor  to  keep  it 
!ily  on  a  level  with  the  changes  and  new  discoveries  made  in  the  science,  and  th- 
•  ,{  which  the  present  U  a  reprint,  has  appeared  so  recently  that  it  may  be  reg^r 
the  latest  accessible  ex j 

it-book*  of  Carpenter  or  Marshall      The  book 
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HENRY  C.  LEA'S  PUBLICATIONS — (Physiology}. 


r\ALTON  (J.  C.},  M.D., 

J'^-'  Professor  of  Physiology  in  the  College  of  Physicians  and  Surgeons,  New  York,  &c. 

A  TREATISE  ON  HUMAN  PHYSIOLOGY.    Designed  for  the  use 

of  Students  and  Practitioners  of  Medicine.  Sixth  edition,  thoroughly  revised  and  enlarged, 
with  three  hundred  and  sixteen  illustrations  on  wood.  In  one  very  beautiful  octavo  vol- 
ume, of  over  800  pages.  Cloth,  $5  50;  leather,  $6  50.  (Just  Issued.} 

From  the  Preface  to  the  Sixth  Edition. 

In  the  present  edition  of  this  book,  while  every  part  has  received  a  careful  revision,  the  ori- 
ginal plan  of  arrangement  has  been  changed  only  so  far  as  was  necessary  for  the  introduction  of 
new  material. 

The  additions  and  alterations  in  the  text,  requisite  to  present  concisely  the  growth  of  positive 
physiological  knowledge,  have  resulted,  in  spite  of  the  author's  earnest  efforts  at  condensation, 
in  an  increase  of  fully  fifty  per  cent,  in  the  matter  of  the  work.  A  change,  however,  in  the  ty- 
pographical arrangement  has  accommodated  these  additions  without  undue  enlargement  in  the 
bulk  of  the  volume. 

The  new  chemical  notation  and  nomenclature  are  introduced  into  the  present  edition,  ns  hav 
ing  now  so  generally  taken  the  place  of  the  old,  that  no  confusion  need  result  from  the  change. 
The  centigrade  system  of  measurements  for  length,  volume,  and  weight,  is  also  adopted,  these 
measurements  being  at  present  almost  universally  employed  in  original  physiological  investiga- 
tions and  their  published  accounts.     Temperatures  are  given  in  degrees  of  the  centigrade  scale, 
usually  accompanied  by  the  corresponding  degrees  of  Fahrenheit's  scale,  inclosed  in  brackets. 
NEW  YORK,  September,  1875. 


During  the  past  few  year?  several  new  works  on  phy- 
siology, and  new  editions  of  old  works,  have  appeared, 
competing  for  the  favor  of  the  medical  student,  but  none 
will  rival  this  new  edition  of  Dalton.  As  now  enlarged, 
it  will  be  found  also  to  be.  in  general,  a  satisfactory  work 
of  reference  for  the  practitioner.— Chicago  Med.  Journ. 
and  Examiner,  Jan.  1876. 

Prof.  Dalton  has  discussed  conflicting  theories  and 
conclusions  regarding  physiological  questions  with  a 
fairness,  a  fulness,  and  a  conciseness  which  lend  fresh- 
ness and  vigor  to  the  entire  book.  But  his  discussions 
have  been  so  guarded  by  a  refusal  of  admission  to  those 
speculative  and  theoretical  explanations,  which  al  best 
exist  in  the  minds  of  observers  themselves  as  only  pro- 
babilities, that  none  of  his  readers  need  be  led  into 
grave  errors  while  making  them  a  study. — The. Medical 
Record,  Feb.  19, 1876. 

The  revision  of  this  great  work  has  brought  it  forward 
with  tb«  physiological  advances  of  the  day.  and  renders 
it.  as  it  lias  ever  been,  the  finest  work  for  students  ex- 
tant.— Nashville  Journ.  of  Med.  and  Surg.,  Jan.  1.876. 

For  clearness  and  perspicuity,  Palton's  Physiology 
?ommended  itself  to  the  student  years  ago,  and  was  a 
pleasant  relief  from  the  verbose  productions  which  it 
supplanted.  Physiology  has.  however,  made  many  ad- 
vances since  then -and  while  the  style  has  been  pre- 
served intact,  the  work  in  the  present  edition  has  been 
brought  up  fully  abreast  of  the  times.  The  new  chemical 
notation  and  nomenclature  have  also  been  introduced 
Into  the  present  edition.  Notwithstanding  the  multi- 
plicity of  text-books  on  physiology,  this  will  lose  none 


of  its  old  time  popularity.  The  mechanical  execution 
of  the  work  is  all  that  could  be  desired. — Peninsular 
Journal  of  Medicine,  Dec.  1875. 

This  popular  text-book  on  physiology  comes  to  us  in 
its  sixth  edition  with  the  addition  of  about  fifty  per  cent, 
of  new  matter,  chiefly  in  the  departments  of  patho- 
logical chemistry  and  the  nervous  system,  where  the 
principal  advances  have  been  realized.  With  so  tho- 
rough revision  and  additions,  that  keep  the  work  well 
up  to  the  times,  its  continued  popularity  may  be  confi- 
dently predicted,  notwithstanding  the  competition  it 
may  encounter.  The  publisher's  work  is  admirably 
done.— St.  Louis  Med.  and  Surg.  Journ.,  Dec.  1875. 

We  heartily  welcome  this,  the  sixth  edition  of  this 
admirable  text  book,  than  which  there  are  none  of  equal 
brevity  more  valuable.  It  is  cordially  recommended  by 
the  Professor  of  Physiology  in  the  University  of  Louisi- 
ana, as  by  all  competent  teachers  in  the  United  States 
and  wherever  the  English  language  is  read,  this  book 
has  been  appreciated.  The  present  edition,  with  its  316 
admirably  executed  illustrations,  has  been  carefully 
revised  and  v«ry  much  enlarged,  although  its  bulk  does 
not  seem  perceptibly  increased. — -New  Orleans  Medical 
and  Surgical  Journal,  March,  1876. 

The  present  edition  is  very  much  superior  to  every 
other,  not  only  in  that  it  brings  the  subject  up  to  the 
times,  but  that  it  doss  so  more  fully  and  satisfactorily 
than  any  previous  edition.  Take  it  altogether,  it  re- 
mains, in  our  humble  opinion,  the  best  text  book  on 
physiology  in  any  land  or  language. — Tfte  Clinic,  Nov. 
6,  1875. 


rkUNGLISON  (ROBLEY),  M.D., 

•U  Professor  of  Institutes  of  Medicine  in  Jefferson  Medical  College,  Philadelphia. 

HUMAN  PHYSIOLOGY.     Eighth  edition.     Thoroughly  revised  and 

extensively  modified  and  enlarged,  with  five  hundred  and  thirty-two  illustrations.     In  two 
large  and  handsomely  printed  octavo  volumes  of  about  1500  pages,  cloth,  $7  00. 


T  EHMANN  (G.  #.). 

PHYSIOLOGICAL  CHEMISTRY.  Translated  from  the  second  edi- 
tion by  GEORGE  E.  DAY,  M.  D.,  F.  R.  S.,  <fcc.,  edited  by  R.  E.  ROGERS,  M.  D.,  Professor  of 
Chemistry  in  the  Medical  Department  of  the  University  of  Pennsylvania,  with  illustrations 
selected  from  Funke's  Atlas  of  Physiological  Chemistry,  and  an  Appendix  of  plates.  Com- 
plete in  two  large  and  handsome  octavo  volumes,  containing  1200  pages,  with  nearly  two 
hundred  illustrations,  cloth,  $6  00. 

IDT  THE  SAME  AUTHOR. 

MANUAL  OF  CHEMICAL  PHYSIOLOGY.     Translated  from  the 

German,  with  Note?  and  Additions,  by  J  CHESTON  MORRIS,  M.  D.,  with  an  Introductory 
Essay  on  Vital  Force,  by  Professor  SAMUEL  JACKSON,  M.  D.,  of  the  University  of  Pennsyl- 
vania. With  illustrations  on  wood.  In  one  very  handsome  octavo  volume  of  336  pages, 
oloth,  t2  25. 

MARSHALL'S  OUTLINES  OF  PHYSIOLOGY,  HU-  I  lustrations.  In  one  large  and  handsome  octavo 
MAN  AND  COMPARATIVE.  With  Additions  by  volume,  of  1026  pages  :  cloth,  $6  50 ;  leather  raised 
FftAxcis  GPRNEY  SMITH,  M.D.  With  numerous  il-  |  bands,  $7  50. 
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PART  C  !  and 

Practical     With  on*  hundred  and  ninety-ieren  illustrations.    A  new  Am  »  the 

tenth  and  reriaed  London  edition.     Edited  by  KOBBRT  BRII>OFS,  M.  D.     la  one  large 
royal  12mo.  Tolome.  of  about  850  pp.,  cloth,  «)  76  ;  leather,  *3  25. 
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fjLOXAM  (CM/.), 

•*-*  Profesaor  of  Ohemifttry  in  King's  College,  London. 

CHEMISTRY,  INORGANIC  AND  ORGANIC.     From  the  Second  Lon- 

don  Edition.     In  one  very  handsome  octavo  volume,  of  700  pages,  with  about  300  illustra- 
tions.    Cloth,  $4  00;  leather,  $5  00. 

It  has  been  the  author's  endeavor  to  produce  a  Treatise  on  Chemistry  sufficiently  comprehen- 
sive for  those  studying  the  science  as  a  branch  of  general  education,  and  one  which  a  student 
may  use  with  advantage  in  pursuing  hisoheinical  studies  at  one  of  the  colleges  or  medical  schools. 
The  special  attention  devoted  to  Metallurgy  and  some  other  branches  of  Applied  Chemistry  renders 
the  work  especially  useful  to  those  who  are  being  educated  for  employment  in  manufacture. 


We  have  in  this  work  a  complete  and  most  excel- 
lent text-book  for  the  use  of  schools,  and  can  heart- 
ily recommend  it  as  such. — Boston  Med.  and  Surg. 
Journ.,  May  28,  1874. 

The  above  is  the  title  of  a  work  which  we  can  most 
conscientiously  recommend  to  students  of  chemistry. 
It  is  as  easy  as  a  work  on  chemistry  could  be  made, 
at  the  same  time  that  it  presents  a  full  account  of  th  at 
science  as  it  now  stands.  We  have  spoken  of  the 
work  as  admirably  adapted  to  the  wants  of  students  ; 
it  is  quite  as  well  suited  to  the  requirements  of  prac- 


titioners who  wish  to  review  their  chemistry,  or  have 
occasion  to  refresh  their  memories  on  any  point  re- 
lating to  it.  In  a  word,  it  is  a  book  to  be  read  by  all 
who  wish  to  know  what  is  the  chemistry  of  the  pre- 
sent day.— American  Practitioner,  Nov.  1873. 

Prof.  Bloxam  possesses  pre-eminently  the  inestima- 
ble Rift  of  perspicuity.  It  is  a  pleasure  to  read  his 
books,  for  he  is  capable  of  making  very  plain  what 
other  authors  frequently  have  left  very  obscure. — 
Va.  Clinical  Record,  Nov.  1873. 


ES  (FRANK),  D.Sc.,  London. 

Senior  Science-  Waster  at  the  High  School,  Ne.wcastle-under  Lyme,  etc. 

AN  ELEMENTARY  TREATISE  ON  PRACTICAL  CHEMISTRY 

AND  QUALITATIVE  INORGANIC  ANALYSIS.  Specially  Rdapted  for  Use  in  the 
Laboratories  of  Schools  and  Colleges  and  by  Beginners.  From  the  Second  and  Revised 
English  Edition,  with  about  fifty  illustrations  on  wood.  In  one  very  handsome  royal 
12nio.  volume  of  372  pages  :  cloth.  $2  50.  (Just  Ready.} 

'  It  has  been  my  aim  throughout  to  give  all  necessary  directions  so  fully  and  simply  as  to 
reduce  to  a  minimum  the  amount  of  assistance  required  from  a  teacher.  The  language  employed 
has  been  rendered  simple  and  intelligible  by  avoiding  the  unnecessary  use  of  scientific  terms 
and  by  explaining  or  paraphrasing  in  ordinary  words  any  such  terms  when  introduced  for  the 
first  time.  The  directions  how  to  work  and  the  description  of  the  preparation  and  use  of  appa- 
ratus have  been  given  more  fully  than  is  usual.  .  .  .  The  introduction  as  appendices  into  this 
edition  of  the  reactions  and  methods  of  detection  of  the  rarer  elements  and  of  the  use  of  the 
spectroscope  with  a  spectrum  chart,  will,  it  is  believed,  render  the  book  more  useful  to  advanced 
students."  —  Preface. 


From  F.  A.  GEXTIT,  Ph.D.,  Prof,  of  Chemistry, 
Uiiiv.  of  Penna. 

"  Clowes'  work  is  admirably  adapted  to  the  wants 
of  beginners  in  analytical  chemistry.  A  distinguii-h- 
ing  feature  of  it  is  the  minute  description  given  for 
the  execution  of  each  experiment.  Attention  is  con- 
tinually called  to  the  characteristic  reactions  of  the 
members  of  the  various  groups;  something  which 
should  always  be  done,  but  which  is  generally  dis- 
regarded in  similar  publications." 

With  this  manual  before  him,  the  advanced  stu- 
dent can  undertake  experiments  without  the  assist- 


ance  of  the  professor.  The  aim  of  the  author  has 
been  to  make  it  as  simple  as  possible,  and  for  this 
purpose  he  has  abandoned  many  technical  phrases 
and  substituted  therefor  simple  paraphrased  terms. 
—  Nashville  Mf.d.  and  Surf  .  Journ.,  July,  1877. 
From  J.  S.  SOHANCK,  M.D..  LL.D.,  Prof,  of  Chemistry 

in  College  of  New  Jersey,  Princeton. 
"It  seems  to  me  that  it  deserves  to  rank  high 
among  the  considerable  number  of  small  works  upon 
analytical  chemistry  of  late  issued  from  the  press. 
It  is  clear  and  concise,  and  yet  full  enough  to  be  read 
where  but  little  aid  can  be  had  from  a  teacher." 


TfEMSEN (IRA),  M.D.,  Ph.D., 

-*•«'  Professor  of  Chemistry  in  the  Johns  Hopkins  University  Baltimore. 

PRINCIPLES  OF  THEORETICAL  CHEMISTRY,  with  special  reference 

to  the  Constitution  of  Chemical  Compounds.     In  one  handsome  royal  12mo.  vol.  of  over 

232  pages:  cloth,  $1  50.  (Now  Ready.) 
This  volume  is  devottd  to  the  principles  upon  which 
the  theoretical  structure  of  modern  chemistry  is  based, 
and  a*  such  it  is  a  very  valuable  addition  to  our  litera- 
ture, insomuch  as  it  discusses,  in  a  clear  and  compre- 
hensive manner,  the  various  laws  governing  chemical 
combination  and  decomposition,  and  the  various  theo- 
ries which  have  been  advanced  for  explaining  an- 


nounced facto.  In  our  opinion,  the  work  will  prove  to 
be  aval  liable  aid  to  the  chemiral  student  who  would 
familiarize  himself  with  the  theories  of  the  science  that 


have  led  to  many  important  discoveries.— Am.  Journ. 
nf  Pit  arm.,  June,  1877. 

It  is  an  admirable  presentation  of  the  leading  doc- 
trin^s  of  modern  chemistry.  If  some  subjects  se^m 
briefly  treated,  it  is  simply  because  so  little  is  really 
known  about  them,  and  the  author  has  had  the  rare 
good  sense  not  to  lumber  his  pages  with  unprofitable 
speculations  and  mere  '•  truessesat  the  truth." — Boston 
•  !' Ohem.,  May,  1877. 


WOHLER  AND  FITTIG. 

OUTLINES  OF  ORGANIC  CHEMISTRY.  Translated  with  Ad- 
ditions from  the  Eighth  German  Edition.  By  IRA  REMSBN,  M.D.,  Ph.D.,  Professor  of 
Chemistry  and  Physics  in  Williams  College,  Mass.  In  one  handsome  volume,  royal  12mo. 
of  550  pp.,  cloth,  $3. 

As  the  numerous  editions  of  the  original  attest,  this  work  is  the  leading  text-book  and  standard 
authority  throughout  Germany  on  its  important  and  intricate  subject — a  position  won  for  it  by 
the  clearness  and  conciseness  which  are  ita  distinguishing  characteristics.  The  translation  has 
been  executed  with  the  approbation  of  Profs.  Wohler  and  Fittig,  and  numerous  additions  and 
alterations  have  been  introduced,  so  as  to  render  it  in  every  respect  on  a  level  with  the  most 
advanced  condition  of  the  science. 
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ive  poetpor,.  -notes 

!t  by  Mr.  Parrish  have  been  plnred  in  the  hands  of  the  e  i 
who  has  labored  asaiduously  to  embody  in  the  work  all  the  improvements  of  pbarma««nti 

ave  been  introduced  during  .be  la-t  ten  years       It  is  therefore  hor*<l  that  tbe  new 

will  fully  maintain  the  reputation  which  the  volume  has  heretofore  enjoyed  M  a  standard 

»k  and  work  of  reference  for  all  engaged  in  the  preparation  and  dispensing  of  medicines. 

pharmacy  it  only    an  honored  place  on  our  ire*.— DuUi* 
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...  well  a.  to  maintain.  In  this  fourth  edl-        W0  0spnM^  Oar  opinion  of  a  former  edition  ta 
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ion  and  Uses  of  Medicinal  Agents,  including  their  Description  and    : 

•  vised  and  enlarged      In  two  large  and  handsome  8vo.  volt,  of  about  200t 
pages      Cloth,  $10,  leather.  $12.     (Lattly  h< 

The  cara  bestowed  by  the  author  on  the  revision  of  this  edition  hat  kept  the  work  o.. 
market  for  nearly  two  years,  and  has  increased  its  siie  about  two  hundred  and  fifty  pages.    Not- 
withstanding this  enlargement,  tbe  price  hits  been  kept  at  the  former  vary  moderate;  rate. 
It  i«  a  BBS  pessary  to  do  much  more  than  to  aa-  :  of  Ibe  present  edition,  a  who).  .  '  thera- 
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GTILLE  (ALFRED),  M.I),  LL.D.,  and    /IfAISCH  (JOHN  M.}.  Ph.D.. 

O        Prof  of  Theory  and  Practice  of  Clinical  •+**-        Pruf.  of  Mat.  Med.  and  Bot  in  Phila. 

Med.  in  Univ.  of  Pa.  C<nll.  Ph'ir  ninny,  ,sv.<??/  to  the  American 

Pharmaceutical  Association. 

THE  NATIONAL  DISPENSATORY:  Embracing  the  Chemistry,  Botany, 

Materia  Medica,  Pharmacy.  Pharmacodynamics,  and  Therapeutics  of  the  Pharmaco- 
poeias of  the  United  States  and  Great  Britain.  For  the  Use  of  Physicians  and  Pharma- 
ceutists. In  one  Handsome  octavo  volume,  with  numerous  illustrations. 

The  want  has  long  been  felt  and  expressed  of  a  work  which,  within  a  moderate  compass, 
should  give  to  the  physician  and  pharmaceutist  an  authoritative  exposition  of  the  Pharmaco- 
poeias from  the  existing  standpoint  of  medical  and  pharm  iceutical  science.  For  several  years 
the  authors  have  been  earnestly  engaged  in  the  preparation  of  the  present  volume,  with  the 
hope  of  satisfying  this  want,  and  their  labors  are  now  sufficiently  advanced  to  enable  the  pub- 
lisher to  promise  its  appearance  during  the  coming  season.  Their  distinguished  reputation  in 
their  respective  departments  is  a  guarantee  that  the  work  will  fulfil  all  reasonable  expectation  as 
a  guide  in  the  selection,  compounding,  dispensing,  and  medicinal  uses  of  drugs,  comolete  in  all  •. 
respects,  while  convenient  in  size,  and  carefully  divested  of  all  unnecessary  and  obsolete  matter. 

TjlARQUHARSON  (ROBERT],  M.D., 

J-  Lecturer  <>n  Matf.ria  Medica  at  St..  Mary's  Hnsjdtnl  MuHcal  Softool. 

A  GUIDE  TO  THERAPEUTICS.     Edited,  with  Additions,  embracing 

the  U.  S.  Pharmacopoeia.  By  FRANK  WOODBCTRV,  M.D.  In  one  neat  volume,  rojal 
12rno.  (Nearly  Ready.) 

The  object  of  the  author  has  been  to  present  in  a  compact  and  compendious  form  the  the- 
rnpeutics  of  the  Materia  Medica,  uninoumbered  by  botanical  and  pharmaceutical  details.  The 
volume  is  thus  emphatically  a  work  for  the  medical  student,  to  aid  in  his  acquiring  a  clear  and 
connected  view  of  the  subjtct  in  its  most  modern  aspects;  and  for  the  busy  practitioner  who 
may  wish  to  refresh  his  raemorv.  Under  each  article,  in  parallel  columns,  are  given  its  phy- 
siological and  therapeutical  action,  thus  enabling  the  reader  to  take  in  at  a  glance  the  essential 
facts  with  respect  to  each  remedy,  and  numerous  formulae  are  given  as  examples  of  their  prac- 
tical use.  Considerable  additions  have  been  introduced  by  Dr.  Woodbury,  who  has  made 
numerous  changes  to  adapt  the  work  to  the  wants  of  the  American  student. 

QRIFFITH  (ROBERT  £.),  M.D. 

A  UNIVERSAL  FORMULARY,  Containing  the  Methods  of  Prepar- 

ing  and  Administering  Officinal  and  other  Medicines.  The  whole  adapted  to  Physiciar.s  and 
Pharmaceutists.  Third  edition,  thoroughly  revised,  with  numerous  additions,  bj  JOHN  M. 
MAISCH,  Professor  of  Materia  Medica  in  the  Philadelphia  College  of  Pharmacy.  In  one  large 
and  handsome  octavo  volume  of  about  800  pages,  cloth,  $450;  leather,  $5  50.  (Lately 
Issued. ) 

As  a  comparative  view  of  the  United  States,  the  British,  the  German,  and  the  French 
Pharmacopoeias,  together  with  on  immense  amount  of  unofficinal  formulas,  it  affords  to  the  prac- 
titioner and  pharmaceutist  an  aid  in  their  daily  avocations  not  to  be  found  elsewhere,  while  three 
indexes,  one  of  "Diseases  and  their  Remedies,"  one  of  Pharmaceutical  Names,  and  a  (ieneral 
Index,  afford  an  easy  key  to  the  alphabetical  arrangement  adopted  in  the  text. 


The  young  practitioner  will  find  the  work  invalu- 
able in  suggesting  eligible  modes  of  administering 
many  remedies. — Am.  Jnurn.  of  Pharm.,  Feb.  1874. 

To  the  druggist  a  good  formulary  is  simply  indis- 
pensable, and  perhaps  no  formulary  has  beeu  more 
extensively  used  than  the  well-kuowu  work  before 
us.  Many  physicians  have  to  officiate,  also,  as  drug- 
gists. This  i.s  true  especially  of  the  country  physi- 
cian, and  a  work  which  shall  teach  him  the  means 
by  which  to  administer  or  combine  bin  remedies  in 
the  most  efficacious  and  pleasant  manner,  will  al- 
ways hold  its  place  upon  his  shelf.  A  formulary  of 
this  kind  is  of  benefit  also  to  the  city  physician  in 
largest  practice.—  Cincinnati  Clinic,  Feb.  21,  1874. 

The  Formulary  has  already  proved  itself  accepta- 
ble to  the  medical  profession,  and  we  do  not  hesitate 


to  say  that  the  third  edition  is  much  improved,  and 
of  greater  practical  value,  in  consequence  of  the  care- 
ful revision  of  Prof  Maisch.— Chicago  Med.  Exam- 
iner, March  15,  l.->74. 

A  more  complete  formulary  than  it  i.s  in  its  pres- 
ent form  the  pharmacist  or  physician  could  hardly 
desire.  To  the  first  some  "such  work  is  iudi<pen~a- 
ble,  and  it  is  hardly  less  essential  to  the  practitioner 
who  compounds  his  own  medicines.  Much  of  what 
is  contained  in  the  introduction  ought  to  be  com- 
mitted to  memory  by  every  student  of  medicine. 
As  a  help  to  physicians  it  will  be  found  Invaluable, 
and  doubtless  will  make  its  way  into  libraries  not 
already  supplied  with  a  standard  work  of  the,  kind. 
—  The  American  Practitioner,  Louisville,  July,  '74. 


E. 


LLIS  (BENJAMIN],  M.D. 

THE  MEDICAL  FORMULARY:  being  a  Collection  of  Prescriptions 

derived  from  the  writings  and  practice  of  many  of  the  most  eminent  physicians  of  America 
and  Europe.  Together  with  the  usual  Dietetic  Preparations  and  Antidotes  for  Poisons.  The 
whole  accompanied  with  a  few  brief  Pharmaceutic  and  Medical  Observations.  Twelfth  edi 
tion,  carefully  revised  and  much  improved  by  ALBERT  H.  SMITH,  M.D.  In  one  volume  8v». 
of  376  pages,  cloth,  $3  00. 


WHAT  TO  OBSERVE  AT  THE  BEDSIDE  AND  AFTEE 
DEATH  IK  MEDICAL  CASES.  Published  under  the 
authority  of  the  London  Society  for  Medical  Obser- 
vation. From  the  second  London  edition.  1vol. 
royal  12mo.  cloth.  #1  00. 

CHrilSTISON'S  DISPENSATORY.  With  copious  ad- 
ditions, and  213  large  wood-engravings.  By  K. 


EGLESFELD  GRIFFITH,  M.  D.  One  vol.  8vo.,  pp.  1000  ; 
cloth.     *tOO. 

CARPENTER'S  PRIZE  ESSAY  ON  THE  USE  OP 
ALCOHOLIC  LIQUORS  IN  HEALTH  AND  DISEASE.  New 
edition,  with  a  Preface  by  D.  F  CONDIE,  M.D.,  and 
explanations  of  scientific  words.  In  one  neat  12ino. 
volume,  pp.  178,  cloth.  60  cents. 
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PATHOLOGY  AND  MORBIP 

Third  and  Enlarged  English  Edition.   With  numerous  illustrations  on  Wood.     In  one 
hand*om.  ooUvo  volume  of  over  300  pages,  cloth.  $2  76      (J»,i  h.u^d.} 


Tb 


l   iweful  and  eonv.oUnt  manual    b« 
I  cdidoa,  and  w.  are  glad  to 
acb  it  baa  grown  MMoewhat  lai 

.J55-»i—-«j2 


tbl«,  f-r  a  work  wl.lrli  l>a<  alrradr  jtniii- 


Di 


IB)  an*  OQ  aorount  <-i  »u«  ••"—"• 
aalbor  bae  mad.  both  to  tb.  printed  ma 

;        .       •  '    •         i      •        •  •-••  '    •      '         '  '''• 


lln«.  fn,» 

nod  t 

In  th 


•  of  IhU  valuable  littl. 

[ratalat*  Already 

»d  fora  tbtrd  edition.     It  afford*  grallO 

uvaw*  MHVVWW—  t«  ralue  and  popularity  a*  a  text-book. 

.,k.gr«et_tbougb  It  already  Is.—    jt  poaeeaeearartberall  tboeeqaalitteii 

•uch  a  work  popular  among  m.  vrrlttvn 

• 

eotirely  to  M«4«m«:>' 
ing  fur  tb«  ni-.»i  part  b«.n 

i..T.'«li  fully  aud  exceedingly  well  illustrated  — 
to  attempt    London  Lancet,  Ang   .'. 


.  .    /  ;•      '          •    I         :    ' 

.heerve  that  tbe  whole  has  DMO  m 

! 
tralio.,..  a».t  that   u,,,h   i,-   ma't-r  1...  »-.-n       ' 

hav*  bee*  mad.,  and  It  U  quiU  uni 


OLUOI'S  ATLAS  OF  PATHOLOGICAL  HI8TOLOOT. 
Traa«lat*d.  witb  Hot^  and  Addition.,  by  JOMMI 
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&LINT  (AUSTIN),  M.D., 

•*-  Professor  of  the  Principles  and  Practice  of  Medicine  in  Bellevue  Med.  College,  N.  F. 

A   TREATISE    ON    THE    PRINCIPLES    AND    PRACTICE    OF 

MEDICINE  ;  designed  for  the  use  of  Students  and  Practitioners  of  Medicine.     Fourth 
edition,  revised  and  enlarged.    In  one  large  and  closely  printed  octavo  volume  of  about  1100 
pages ;  cloth,  $6  00  ;  or  strongly  bound  in  leather,  with  raised  bands,  $7  00.    (Just  Issued. ) 
By  common  consent  of  the  English  and  American  medical  press,  this  work  has  been  assigned 
to  the  highest  position  as  a  complete  and  compendious  text-book  on  the  most  advanced  condition 
of  medical  science.     At  the  very  moderate  price  at  which  it  is  offered  it  will  be  found  one  of  the 
Cheapest  volumes  now  before  the  profession. 

dents  and  a  book  of  ready  reference  for  practitioners. 
The  force  of  its  logic,  its  simple  and  practical  teach- 
ings, have  left  it  without  a  rival  in  the  field  —N.  Y. 
Med.  Record,  Sept.  15,  1874. 

Flint's  Practice  of  Medicine  has  become  so  fixed  in 
itspositionas an  American  text-book  thatlittle  need 
be  said  beyond  the  announcement  of  a  new  edition. 
It  may,  however,  be  proper  to  say  that  the  author 
has  improved  the  occasion  to  introduce  the  latest 
contributions  of  medical  literature  together  with  the 
results  of  his  own  continued  clinical  observations. 
Not  so  extended  as  many  of  the  standard  works  ou 
practice,  it  still  is  sufficiently  complete  for  all  ordi- 
nary reference,  and  we  do  not  know  of  a  more  con- 
venient work  for  the  busy  general  practitioner. — 
Cincinnati  Lancet  and  Observer,  June,  1873. 

Prof.  Flint,  in  the  fourth  edition  of  his  great  work, 
has  performed  a  labor  reflecting  much  credit  upon 
himself,  and  conferring  a  lasting  benefit  upon  the  pro- 
fession. The  whole  work  showsevidence  of  thorough 
revision,  so  that  it  appears  like  a  new  book  written 
expressly  for  the  times.  For  thegeneral  practitioner 
and  student  of  medicine,  we  cannot  recommend  the 
book  in  too  strongterms. — AT.  Y.  Med.  Jour.,  Sept.  '73. 
It  is  given  to  very  few  men  to  tread  in  the  steps  of 
Austin  Flint,  whose  single  volume  on  medicine, 
though  here  and  there  defective,  is  a  masterpiece  of 
lucid  condensation  and  of  general  grasp  of  an  enor- 
mously wide  subject.—  Lond.  Practitioner,  Dec.  '73. 


This  excellent  treatise  on  medicine  has  acquired 
for  itself  in  the  United  States  a  reputation  similar  to 
tbateuioyed  in  England  by  the  admirable  lectures 
of  Sir  Thomas  Watson.  It  may  not  possess  the  same 
charm  of  style,  but  it  has  like  solidity,  the  fruit  of 
long  and  patient  observation,  and  presents  kindred 
moderation  and  eclecticism.  We  have  referred  to 
many  of  the  most  important  chapters,  and  find  there- 
vision  spoken  of  in  the  preface  is  a  genuine  one,  and 
that  the  author  has  very  fairlybrought  up  his  matter 
to  the  level  of  the  knowledge  of  the  present  day.  The 
work  has  this  great  recommendation,  that  it  is  in  one 
volume,  and  therefore  will  not  he  so  terrifying  to  the 
student  as  the  bulky  volumes  which  several  of  our 
English  text-books  of  medicine  have  developed  into. 
—British  and  Foreign  Med.-Chir.  Rev.,  Jan.  1876. 

It  is  of  course  unnecessary  tointroduce  or  eulogize 
this  now  standard  treatise.  All  the  colleges  recom- 
mend it  as  a  text-book,  and  there  are  few  libraries 
in  which  one  of  its  editions  is  not  to  be  found.  The 
present  edition  has  been  enlarged  and  revised  tobring 
it  up  to  the  author's  present  level  of  experience  and 
reading.  His  own  clinical  studies  and  the  latest  con- 
tributions to  medical  literature  both  in  this  country 
and  in  Europe,  have  received  careful  attention,  so 
that  some  portions  have  been  entirely  rewritten,  and 
about  seventy  pages  of  new  matter  have  been  added. 
— Chicago  Med.  Journ.,  June,  1873. 

Has  never  been  surpassed  as  a  text-book  for  stu- 


B 


Y  THE  SAME  AUTHOR. 

ESSAYS    ON    CONSERVATIVE   MEDICINE    AND    KINDRED 

TOPICS.     In  one  very  handsome  royal  12mo.  volume.     Cloth,  $1  38.     (Just  Issued.) 


This  little  work  comprises  a  number  of  essays  written 
at  various  times  for  medical  journals  and  societies.  It  is 
unnecessary  to  say  aught  in  regard  to  the  style  in  which 
they  are  written,  for  Dr.  Flint  in  familiar  us  a  house- 
hold word  to  the  profession.  His  name  is  a  guarantee 
that  the  subjects  are  treated  in  a  miisterly  manner.  The 
following  subjects  are  discussed  :  Conservative  medicine, 
nd  to  therapeutics  and  hygiene,  medicine  in  the 
pnst.  the  present,  and  the  future,  alimentation  in  dis- 
ease, tolerance  of  disease,  on  the  agency  of  the  mi- id  in 


tiology,  prophylaxis,  and  therapeutics,  and  divine  de- 
sign, as  exemplified  in  the  natural  history  of  diseases. 
A  more  suggestive  collection  of  topics  it  would  be  diffi- 
cult to  conceive.  The  essays  ou  conservative  medicine 
are  peculiarly  valuable.  The  author  in  these  takes  a 
very  common-sense  view  of  the  treatment  of  disease, 
and  shows  the  necessity  of  "conserving"  to  the  fullest 
extent  the  strength  of  ihe  system  5u  order  to  devise  the 
host  resultst'rom  the  »is  medicatrix  natures. — Peninsular 
Md.  Journ  ,  Oct.  lb~4. 


W: 


'ATSON  (THOMAS),  M.  D.,  Sfc. 

LECTURES    ON    THE    PRINCIPLES    AND    PRACTICE    OF 

PHYSIC.  Delivered  at  King's  College,  London.  A  new  American,  from  the  Fifth  re- 
vised and  enlarged  English  edition.  Edited,  with  additions,  and  several  hundred  illustra- 
ations,  by  HENRY  HARTSHORNS,  M.D.,  Professor  of  Hygiene  in  the  University  of  Pennsylv- 
nia.  In  two  large  and  handsome  Svo.vols.  Cloth,  $9  00;  leather,  $11  00.  (Lately  Published.) 


It  is  a  subject  for  congratulation  and  for  thankful- 
ness that  Sir  Thomas  Watson,  during  a  period  of  com- 
parative leisure,  after  a  long,  laborious,  and  most 
honorable  professional  career,  while  retaining  full 
possession  of  his  high  mental  faculties,  should  have 
employed  the  opportunity  to  submit  his  Lectures  to 
a  more  thorough  revision  than  was  possible  during 
the  earlier  and  busier  period  of  his  life.  Carefully 
passing  in  revie 


le  of  the  most  intricate  and  im- 


portant pathological  and  practical  questions,  there- 
suits  of  his  clear  insight  and  his  calm  judgment  are 
now  recorded  for  the  benefit  of  mankind,  in  language 
which,  for  precision,  vigor,  and  classical  elegance,  has 


rarely  been  equalled,  and 


passed     The  re- 


rision has  evidently  been  most  carefully  done,  and 
the  results  appear  in  almost  every  page. — Brit.  Med. 
Journ.,  Oct.  14,  1871. 

The   lectures  are  so  well  known   and   so  justly 


appreciated,  that  it  is  scarcely  necessary  to  do 
more  than  call  attention  to  the  special  advantages 
of  the  last  over  previous  editions.  The  author's 
rare  combination  of  great  scientific  attainments  com- 
bined with  wonderfnl  forensic  eloquence  has  exerted 
extraordinary  influence  over  the  last  two  generations 
of  physicians.  His  clinical  descriptions  of  most  dis- 
eases have  never  been  equalled ;  and  on  this  score 
at  least  his  work  will  live  long  in  the  future.  The 
work  will  be  sought  by  all  who  appreciate  a  great 
boot. — Amer.  Journ.  of  Syphilography,  July,  1872. 
Maturity  of  years,  extensive  observation,  profound 
reseai-ch,  and  yet  continuous  enthusiasm,  have  com- 
bined to  give  us  in  this  latest  edition  a  model  of  pro- 
fessional excellence  in  teaching  with  rare  beauty  in 
the  mode  of  communication.  But  this  classic  needs 
no  eulogium  of  ours.— Chicago  Med.  Journ.,  July, 
1872. 
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UNGLISON,  FORBES,  TWEED  IE,  AND  CO  NOLLY. 

THE  CYCLOPAEDIA  OF   PRACTICAL  MEDICINE:   comprising 

Treatises  on  the  Nature  and  Treatment  of  Diseases,  Materia  Medica  and  Therapeutics, 
Diseases  of  Women  and  Children,  Medical  Jurisprudence,  Ac.  Ac.  In  four  large  super-royal 
octavo  volumes,  of  3254  double-columned  pages,  strongly  and  handsomely  bound  in  leather, 
$15;  cloth,  $11. 
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\  TIM: 

Addition*,  by  JAMEU  II.  llct  caimo*.  M 

hamUoine  octavo  volume  of    Ter  1100  pap.  f  leather,  f  6  60.    (Now  Rt<nly  ) 

•lie  author  to  r«n  i  'etc  »nd  trustworthy  pui'le  for  the 

he  bft*  covered  ft  wider  field  than  i»  cn*loma 

.-  of  Medicine,  nml  ha«  »edulou«ly  endeavored  to  present  ••oh  •uljrct  in  1 1  • 
ni»«t  modern  development*  of  observation  and  treatment.     So  much  ha*  been  done  of  late  ve»r.« 
ge  our  knowledge  of  dineane  by  improved  met  bod*  of  diagnoei*,  and  no  mnnv  new  ogen 
.•  been  c«  that  •  condensed  and  compendiou 

v  OD  •  lov«l  with  the  advance  of  me-lical  acience,  can  hardly  full  to  prove  of  vain. 

In  the  present  volume  thii  ban  been  no  completely  accomplished   tl.    • 
nd  it  nece»ary  only  to  make  inch  addition*  ••  teemed  requisite  to  prevent  in  more  detail 

\  differ*  from  that  of  Europe. 


latteri  in  which  the  practice  of  thii  eo 
Tbe  buay  practitioner  will  be  able  by  It*  pero*al 

to  keep  abrea*!  with  tbe  great  progrea*  which  *el«n- 

llftc  medicine  ba*  made  wltb.n  thepaat  few  y«*r«. 

and  for  which  be  ha*  aeltber  tbe  tine,  nor  frequently 

tbe  opportu 

ah*  and  journal*.     While  all  of  It  I*  deceiving  of 
pral*e.  we  mu»t  particularly  commend  tbepor- 

-  voted  to  aervoua  dl*ea*ea.  w bleb  1*  very  com- 
pUte.  and  well  repreaenta  the  pretest  Hale  of  oar 
knowledge  OB  IbU  Important  .abject.    The  • 

tbe  work  I*  plain  and  lucid  ;  though  eondeoaed,  II  I* 
never  bald  y  !•  avoided,  aad  lllu*tra- 

re  omitted  In  order  lo  give  room  t 
t.r.l  teaching       A*  an  accurate  and  pral*ewortby 
guide  It  I*  of  the  highest  order  of  merit,  and  though 
r*ede  In  thin  eonir 

•  admirable  treatl*e,  II  has  Ibe  adv*alage  of 
embodying  thedi*coverie*atid  Improvement*  which 
have  been  made  *lnce  the  la*t  lft*ne  of  that  work. — 

.  1870 

Tbe  *tyle  la  clear,  th-  matter  and  method  good. 

Whoever  buy*  thl-  .        f  complete  a  re pre- 

MtBtatlon   of  modern  medicine  a*   ha*  been,  and 

r  e«n  he.  put  lo»Me  -f  »ne  thon*and  page* 

Jar  •!/••   *nd   type—  TH*  Mtdtcal    Ttmt*, 

Philadelphia.  Dee    .• 

n  reading  It  oar  flmt  emotion  wa*  tha    of  nor- 

prl*e— «urprl<ie  minded  wliu  plea*ar«,  to  perceive 

lh*t,  notwl  h«tandtngtbe*ame  work  bad  been  done 

•my.  it  y-t  could  be  done  *o  much  b«lier. 


of  eonclaenea*  al  tbe  expeaae  of  compleleneea.    A 

••ren  *how*  that,  •• 

It  I*  far  In  *d»*nce  ,  f  th.....   ;.  .1  »  few 

year*  ago ;  and  a  more  careful  examination  of  *ome 
of  It*  aecllon*— «uch.  for  example,  a*  tl. 
lo  dl*eaae*  of  the  aervon**y*tem.  demonstrate*  thai 
In  province*  which  have  accomplish*  ' 
ad  vance*  of  late  year*,  tbe  author  ha*kn|.<  i...  w.>rk 
rea»t  with  Ibe  labor*  of  the  mom  reliable 
rl  nlcal  ob*«rver*    Featnr«Mqnlteonu*nalln  a  pure- 
ly medical  trealUe  are  included  In  tbe  abapr 
cellent chapter* on  dUeaaeeoftbenkln.  t).-  »if.ctlon» 
of  tbe  genlto-nrinary  organ*  In  female*,  which  can 
bnl  re»oltlo  le**enlng  the  tendency  on  the  par 
gecer.l  practitioner  lo  neglect  tbel  vportant  < 

;  i»tni*  with  the  reeling  that,  like  derang»- 
meata  of  the  chief  organ*  of  the  *p«clal  *en*e*.  they 
can  better  be  managed  by  apeclallat* — Iftto  Rtm«- 
di€»,  NOT.  1870. 

We  recommend  highly  tbla  book,  and  feel  Ju-ii- 
fled  in  doing  *o  by  the  tbongbl  lh*l    of  it.  rl.. 
the  heel  we  bare  yet  »een.    The  mark* 

\merlcaned:  value 

of  ibe  work  ;  bUJe«  -Mean  medi- 

cine I*  mo*l  pral«e» 

plaint  U  Hi*'  Miown  myl* 

appear*  —  fX ' 
land,  Amtriean  Smppltwunt.  Sov   1870 

It  may,  therefore,  be  aMumed  wltb  mme  *1 


ltiy. 
.'•!« I  nre«l»  of  «-• 


page*  the  author  baa  eompreaeed  ibe  mo*t    t_      iit    p , 

complete  treatUe  upon  tb*  theory  and  practice  of    jj.^^,,^  w|,, . 

medicine  we  have  ever  *een.     Almo.t  every  dlaeaae    ^  wwumed  that  • 

kaowa  to  tbe  profea-lon.  Including  many  aot  found 

la  almllar  work*.  U  treated  of      A*  a  hand  I 

•  tu  l»n««.  therefore,  we  do  not  think  It  ha*aa  equal 

la  the  BatlUh  language  while  older  member*  of  th* 

profeaaton  nay  consult  It  wlib  equal  pleaanreand 

profit      The  *tyle  1*  remarkably   clear,  plain  and 

familiar,  and    l«    perfectly   comprebea*lblv 

.itirated.  while  ibe  mo*  I  highly  cultured  can 
hardly  fall  to  be  pUa*«4  at  tbe  purity  of  It*  EeglUh 
— Phyitri.tn  and  8*rg*o*.  Baltlnore, 

hi.  I  ««•  without  being 

Impreaaed    with  the  amonat  of  information    <  l.o  march  wilt 

t  b*y  have  been  nade  lo  coaiala.  with  ao  appearaaee  |  Mtd.  JZeoore?,  Dee.  16,  lt>76x 

//-I  >')T~ 

//  f'r'.frf  >r    -f  11-J'jh-u  itl 


ar*  reatllng  for  exat 

In  the  library  of  errry  |-! 

• 

irreatly  enhance  tl.. 
that  It  will 

»elve«  with  li»ll  ami  r*.ll«  . 

l«->k 


.. 
• 


r  In  tbe 

/.     < 


i-N'ii  A  i  s  OF  Tin:  nuNcn 

C1NK  -udenU  and  Practitioneri.     1 

-  itiorn       In  one  hantioome  royal   I2mo    volume, 

"ltd.) 

The  th-.r-ufch  rn '•  >r  haj  labored  to  fully  r 

- 

repre»entin(f  the  i 

niling  an  enlargement  '.f  the   pag-  i«  been 

ir-rren  whirh   it    i- 

will  f*  '  «•  reader.  »i  ired  t..  tunke 

the  volume  «  •  rj  great  favor  with  which  il  hi. 

a*abaadt>.'    •  oadeaaed.  and 

•'    i    Jfon/A/v  ...k.t.«  It  by  ' 


In  Ib 


il  fully  np  with  all  the  re<- 


'Ihe  kln.l  pi: 

uag*  —  St.  AMI.  M~ 
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FOTHERGILL  (J.  MILNER},M.D.  Edin.,  M.R.C.P.  Lonri., 

•*•  Asst.  Phys.  to  the  West  Lond   Hosp.  :  Asftt.  Phys.  to  the  City  of  Lond.  Hosp.,  etc. 

THE  PRACTITIONER'S  HANDBOOK  OF  TREATMENT;  Or,  the 

Principles  of  Therapeutics.     In  one  very  neat  octavo  volume  of  about  550  pages  :  cloth, 

$4  00.     (Now  Ready.) 

It  may  be  said  that  the  scope  of  this  work  is  not  dissimilar  to  that  of  the  well  known 
"Principles  of  Medicine,"  by  Dr  J.  C.  B.  Williams,  now  long  out  of  print,  which  in  its  day 
met  with  such  unusual  acceptance.  More  practical  in  its  character,  however,  it  seeks  to  bring 
to  the  aid  and  elucidation  of  positive  therapeutics,  the  vast  accumulation  of  scientific  facts  And 
theories  made  by  the  present  generation,  pointing  out  the  measures  to  be  adopted  nt  the  bedside 
and  establishing  them  on  firm  rational  grounds.  Such  a  work,  by  a  first-iate  man,  and  fully 
up  to  the  advanced  condition  of  science,  cannot  fail  to  prove  of  the  utmost  service  to  both 
student  and  practitioner. 


Our  friends  will  find  this  a  very  readable  book  ;  and 
that  it  sheds  lighi  upon  every  theme  it  touches,  causing 
the  practitioner  to  feel  more  certain  of  his  diagnosis  in 
difficult  cases.  We  confidently  commend  the  work  to 
our  readers  ns  one  worthy  of  careful  perusal.  It  lights 
the  way  over  obscure  and  difficult  passes  in  medical 
practice.  The  chapter  on  the  circulation  of  the  blood 
is  the  most  exhaustive  and  instructive  to  be  found.  It 
is  a  book  every  practitioner  needs,  and  would  have,  if 
he  knew  how  suggestive  and  helpful  it  would  be  to 
him.—  St.  Louis  Med.  and  Surg.  Journ.,  April,  1877. 

The  object  is  one  of  the  most  important  which  a  med- 
ical writer  can  propose  to  himself,  for  therapeutics  is  the 
goal  of  medicine,  and  the  plan  is  an  excellent  one.  In 
justice  to  Dr.  Fothergill  we  ought  to  say  that  he  lias  ad- 
hered to  his  plan  throughout  the  work  with  fidelity,  and 
has  accomplished  his  object  with  a  rare  degree  of  success. 
We  heartily  commend  his  book  to  the  medical  student 
as  an  honest  and  intelligent  guide  through  the  mazes  of 
therapeutics,  and  assure  the  practitioner  who  has  grown 
gray  in  the  harness  that  he  will  derive  pleasure  and  in- 
struction from  its  perusal.  The  imperfections  and 
errors  which  we  have  noticed  are  few  and  unimportant. 
On  the  other  hand,  the  excellences  are  many  and  patent. 
Valuable  suggestions  and  material  for  thought  abound 
throughout.  The  chapter*  on  body  heat  and  fever,  in- 
flammation, action  and  inaction,  and  the  urinary  sys- 
tem are  particularly  good.  The  descriptions  of  patho- 
logical conditions,  and  the  character  of  the  therapeutic 
measures  advised  give  evidence  of  sound  clinical  obser- 
vation.— Boston  Me.d.  and  Surg  Journal.  Mar  8.  1877. 

The  strong  good  sense,  the  racy  style,  the  practical 
'  haracter  of  his  instruction,  are  qualities  in  the  author 
which  commend  him  to  American  physicians.  In  the 


volume  before  us  Dr.  Fothergill  appears  in  his  best 
mood.  Our  readers,  especially  the  younger  members  of 
the  profession,  will  find  this  a  most  suggestive  and  use- 
ful book.  There  are  tew  old  practitioners  who  will  not 
be  benefited  by  its  perusal.  We  commend  it  to  .all 
classes  of  readers,  with  the  expression  of  belief  that  those 
who  buy  it  will  be  hardly  content  to  close,  it  until  the 
last  leaf  is  turned  over.—  Cincinnati  Clinic.  Mar  b.  1S77. 

It  is  our  honest  conviction,  after  a  careful  perusal  of 
this  goodly  octavo,  that  it  represents  a  great  amount  of 
earnest  thought  and  painstaking  work,  and  is  therefore 
one  of  those  books  which  both  deserve  and  are  likely  to 
survive.  This  book,  although  written  ostensibly  for  the 
young  and  inexperienced,  may  be  very  profitably  studied 
by  those  who  have  been  practising  their  profession 
more  or  less  empirically  for  thirty  or  forty  years.  We 
particularly  recommend  the  chapters  on  Public  and 
I'rivate  Hygiene,  Food  in  Health  and  Ill-Health,  and 
the  Conclusion — the  Medical  Man  at  the  Bedside.  The 
last  is  high-toned,  and  indicates  much  shrewdness  of  ob- 
servation. Our  space  will  not  admit  of  further  quotation. 
We  content  ourselves  with  again  recommending  the 
book  very  cordially. — Edin.  Mt.d.  Journ.,  Jan.  Is77. 

It  is  of  great  advantage  to  the  practitioner  to  have  gen- 
eral principles  to  guide  him,  and  that  he  should  not, 
when  confronted  with  an  assemblage  of  pathological 
symptoms,  be  at  the  mercy  of  an  unreasoned  experience 
of  a  similar  case,  or  be  obliged  to  swear  in  verba  m/tyistri. 
He  will  lind  reasons  in  this  work  for  not  looking  upon 
drugs  as  grouped  in  fixed  and  unalterable  categories, 
but  learn  when  and  why  he  may  give  opium  to  cause 
purgation,  and  castor  oil  to  check  it.  We  strongly  re- 
commend it  to  our  readers.— The,  London  Practitioner. 
Jan. 1877. 


TINCOLN  (D.  F.}.  M.D., 

-*-*  Physician  to  the  Department  of  Nervous  Diseases,  Boston  Dispensary. 

ELECTRO-THERAPEUTICS;  A  Concise  Manual  of  Medical  Electri- 
city.    In  one  very  neat  royal  12mo.  volume,  cloth,  with  illustrations,  $1  50.     (Just  Issued.} 

This  little  book  is,  considering  its  size,  one  of  the  I  thereby  supplying  a  real  want,  instead  of  helping 
very  best  treatises  in  the  language  on  the  subject  that  merely  to  flood  the  literary  market.  Dr.  Lincoln  8 
has  come  to  our  notice,  possessing,  among  others,  the  |  style  is  usually  remarkably  clear,  and  the  whole 
rare  merit  of  dealing  avowedly  and  actually  with  I  book  is  readable  and  interesting.— Boston  Med.  and 
principles,  mainly,  ratherthan  with  practical  details,  j  Surg.  Journ.,  July  23,  1874. 


ffOBERTS  (  WILLIAM],  M.  D., 

•*••'  Lecturer  on  Medicine  in  the  Manchester  School  of  Medicine,  Ac. 

A  PRACTICAL  TREATISE  ON  URINARY  AND  RENAL  DIS- 
EASES, including  Urinary  Deposits.  Illustrated  by  numerous  cases  and  engravings.  Sec- 
ond American,  from  the  Second  Revised  and  Enlarged  London  Edition.  In  one  large 
and  handsome  octavo  volume  of  616  pages,  with  a  colored  plate  ;  cloth,  $4  50.  (Lately 
Published.) 


The  most  complete  and  practical  treatise  upon  renal 
diseases  we  have  examined.  It  is  peculiarly  adapted 
to  the  wants  of  the  majority  of  American  practHion- 
ers  from  its  clearness  and  simple  announcement  of  the 
facts  in  relation  to  diagnosis  and  treatment  of  urinarj 
disorders,  and  contains  in  condensed  form  the  investi- 
gations  of  Beiice  Jones,  Bird,  Beale,  Hassall,  Front. 


and  a  host  of  other  well-known  writers  upon  this  sub- 
ject.  The  characters  of  urine,  physiological  and  pa- 
thological,  as  indicated  to  the  naked  eye  as  well  as  by 
microscopical  and  chemical  investigations,  are  con- 
cisely  represented  both  by  description  and  by  well 
executed  engravings.  —  Cincinnati  Journ.  of  Med. 


LECTURES  ON  THE  STUDY  OF  FEVER.      By  A. 

HCDBON,  M.D. ,  M.R.I. A.,  Physician  to  the  Meath 

Hospital.     In  one  vol.  8vo.,  cloth,  )j>2  r>0. 
A  TREATISE  ON  FEVER.  .  By  ROBKRT  D.  LYONS, 

K  C  C.     In  one  octavo  volume  of  362  pages,  cloth, 

*2  25. 

CLINICAL    OBSERVATIONS    ON    FUNCTIONAL 


NERVOUS  DISORDERS  BvC.  HANDPTEI.D  JONES, 
M.D.,  Physician  to  St.  Mary's  Hospital,  &c.  Sec- 
ond American  Edition.  In  one  handsome  octavo 
volume  of  348  pages,  cloth,  $3  25. 

BASHAM  ON  RENAL  DISEASES:  a  Clinical  Guide 
to  their  Diagnosis  and  Treatment.  With  Illustra- 
tions. In  one  12mo.  vol.  of  304  pages,  cloth,  $2  00. 
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In  thifl  little  work  the  object  of  the  author  ha«  been  to  present  in  a  clear  and  compnct  form 
the  exinting  condition  of  physical  exploration,  ohowing  the  manner  of  conducting  it    . 
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f>UMSTEAD  (FREEMAN  J.},  M.D., 

•*-*        Professor  of  Venereal  Diseases  at  the  Col.  of  Phys.  and  Surg.,  New  TorTt,  Ac. 

THE  PATHOLOGY  AND  TREATMENT  OF  VENEREAL  DIS- 

EASES.  Including  the  results  of  recent  investigations  upon  the  subject.  Third  edition, 
revised  and  enlarged,  with  illustrations.  In  one  large  and  handsome  octavo  volume  of 
over  700  pages,  cloth,  $5  00  ;  leather,  $6  00. 

In  preparing  this  standard  work  again  for  the  press,  the  author  has  subjected  it  to  a  very 
thorough  revision.  Many  portions  have  been  rewritten,  and  much  new  matter  added,  in  order  to 
bring  it  completely  on  a  level  with  the  most  advanced  condition  of  syphilograpby,  but  by  careful 
compression  of  the  text  of  previous  editions,  the  work  has  been  increased  by  only  sixty-four  pages. 
The  labor  thus  bestowed  upon  it,  it  is  hoped,  will  insure  for  it  a  continuance  of  its  position  as  a 
complete  and  trustworthy  guide  for  the  practitioner. 


It  is  the  most  complelebook  with  which  we  are  ac- 
quainted in  the  language.  The  latest  views  of  the 
best  authorities  are  put  forward,  and  the  information 
Is  well  arranged — a  great  point  for  the  student,  and 
still  more  for  the  practitioner.  The  subjects  of  vis- 
ceral syphilis,  syphilitic  affections  of  the  eyes,  and 
the  treatment  of  syphilis  by  repeated  inoculations,  art- 
very  fully  discussed. — London  Lancet,  Jan.  7,  1871. 

Dr.  Bumstead's  work  is  already  so  universally 
Known  as  the  best  treatise  in  the  English  language  on 
venereal  diseases,  that  it  may  seem  almost  superflu- 
ous to  say  more  of  it  than  that  a  new  edition  has  been 
issued.  But  the  author's  industry  has  rendered  this 
new  edition  virtually  a  new  work,  and  so  merits  as 

S1ULLERIER  (A.},  and 

*S        Surgeon  to  the  Hdpital  du  Midi. 


much  special  commendation  as  if  its  predecessors  hao 
not  been  published.  As  a  thoroughly  practical  book 
on  a  class  of  diseases  which  form  a  large  share  of 
nearly  every  physician's  practice,  the  volume  before 
us  is  by  far  the  best  of  which  we  have  knowledge.— 
N.  Y.  Medical  Qatette,  Jan.  28,  1871. 

It  is  rare  in  the  history  of  medicine  to  find  any  one 
book  which  contains  all  that  a  practitioner  needs  to 
know;  while  the  possessor  of  "  Bumstead  on  Vene- 
real" has  no  occasion  to  look  outside  of  its  covers  foi 
anything  practical  connected  with  the  diagnosis,  his- 
tory,  or  treatment  of  these  affections. — If.  T.  Medical 
Journal,  March,  1871. 


VMS  TEA  D  (FREEMAN  J.}, 

Professor  of  Venereal  Diseases  in  the  College  oj 
Physicians  and  Surgeons.  N.  T. 

AN  ATLAS  OF  VENEREAL  DISEASES.     Translated  and  Edited  by 

FREEMAN  J.  BUMSTEAD.     In  one  large  imperial  4to.  volume  of  328  pages,  double-columns, 
with  26  plates,  containing  about  150  figures,  beautifully  colored,  many  of  them  the  size  of 
life;  strongly  bound  in  cloth,  $17  00  ;  also,  in  five  parts,  stout  wrappers,  at  $3  per  part. 
Anticipating  a  very  large  sale  for  this  work,  it  is  offered  at  the  very  low  price  of  THREE  DOL- 
LARS a  Part,  thus  placing  it  within  the  reach  of  all  who  are  interested  in  this  department  of  prac- 
tice.    Gentlemen  desiring  early  impressions  of  the  plates  would  do  well  to  order  it  without  delay. 
A  specimen  of  the  plates  and  text  sent  free  by  mail,  on  receipt  of  25  cents. 


by 
rch 


We  wish  for  once  that  our  province  was  not  restrict- 
ed to  methods  of  treatment,  that  we  might  say  some- 
thing of  the  exquisite  colored  plates  in  this  volume. 
— London  Practitioner,  May,  1869. 

As  a  whole,  it  teaches  all  that  can  be  taught  b 
means  of  plates  and  print. — London  Lancet,  Ma 
13,  1869. 

Superior  to  anything  of  the  kind  ever  before  issued 
on  this  continent. — Canada  Med.  Journal,  March,  '69. 

The  practitioner  who  desires  to  understand  this 
branch  of  medicine  thoroughly  should  obtain  this, 
the  most  complete  and  best  work  ever  published.— 
Dominion  Med.  Journal,  May,  1869. 

This  is  a  work  of  master  hands  on  both  sides.  M. 
Cnllerier  is  scarcely  second  to,  we  think  we  may  truly 
Bay  is  a  peer  of  the  illustrious  and  venerable  Ricord, 
while  in  this  country  we  do  not  hesitate  to  say  that 
Dr.  Bumstead,  as  an  authority,  is  without  a  rival 
Assuring  our  readers  that  these  illustrations  tell  the 


its  end,  we  do  not  know  a  single  medical  work, 
which  for  its  kind  is  more  necessary  for  them  to  have. 
—California  Med.  Gazette,  March.  1869. 

The  most  splendidly  illustrated  work  in  the  Ian 
guage,  and  in  our  opinion  far  more  useful  than  the 
French  original.—  Am.  Journ.  Med.  Sciences,  Jan. '69 

The  fifth  and  concluding  number  of  this  magnificent 
work  has  reached  us,  and  we  have  no  hesitation  in 
saying  that  its  illustrations  surpass  those  of  previous 
number*.— Bost  Mud.  and  Surg.J'.,  Jan.  14  1869. 

Other  writers  besides  M.  Cullerier  have  given  us  a 
good  account  of  the  diseases  of  which  he  treats,  but 
no  one  has  famished  us  with  such  a  complete  series 
of  illustrations  of  the  venereal  diseases.  There  is, 
however,  an  additional  interest  and  value  possessed 
by  the  volume  before  us  ;  for  it  is  an  American  reprint 
and  translation  of  M.  Cullerier's  work,  with  inci- 
dental remarks  by  one  of  the  most  eminent  American 
syphilographers,  Mr.  Bumstead. — Brit,  and  For. 


whole  history  of  venereal  disease,  from  its  inception    Medico-Chir.  Review,  July,  1869. 

J^EE  (HENRY), 

Prof,  of  Surgery  at  the  R-iyal  College  of  Surgeons  of  England,  etc. 

LECTURES  OX  SYPHILIS  AND  ON  SOME  FORMS  OF  LOCAL 

DISEASE  AFFECTING  PRINCIPALLY  THE  ORGANS  OF  GENERATION.     In  one 
handsome  octavo  volume:  cloth;  $2  25.     (Lately  Published.) 

The  work  is  valuable,  as  it  treats  quite  fully  of  sub-     modifications  of  these  processes  in  prticnts  previously 

syphilitic:  primary  and  sccoiulnry  syphilitic  iii 
the  mucous  membranes  and  their  liability  to  commu- 
nicate constitutional  syphilis,  etc.     The  book  is  full  of 
clinical   material   illustrating  these  topics,  original   or 
quoted.— Arclrives  of  Dermatology,  April,  1876. 


jects  which  are  not  dwelt  upon  in  the  systematic  works 
of  other  English  authors  of  the  present  "day .  as  the  inoc- 
ulability  of  syphilitic  blood ;  the  conditions  under  which 
the  secretions  of  primary  and  secondary  syphilitic  man- 
ifestations maybe  inoculated  naturally  or  artificially; 
the  morbid  processes  produced  by  such  inoculation;  the 


(BERKELEY], 

Surgeon  to  the  Lock  Hospital,  London. 

ON  SYPHILIS  AND  LOCAL  CONTAGIOUS  DISORDERS. 

one  handsome  octavo  volume  ;  cloth,  $3  25. 


In 


EISSL  (H.),M.D. 

A  COMPLETE  TREATISE  ON  VENEREAL  DISEASES. 


Trans- 

lated from  the  Second  Enlarged  Germnn  Edition,  by  FREDERIC  R.  STURGIS,  M.D.    In  one 
octavo  volume,  with  illustrations.     (Preparing.) 
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ATLAS  OF  CUTANEOUS  In  one  beaut  if.. 

.me,  with  exqouitely  colored  plate*,  A«.,  presenting  about  one  hundred  varieties  of 

disease.     Cloth,  $5  60. 

to  which  the  particular  ca«*  may  h*t<.D((      While 
ooktag  over  the"Atla«"  we  have  b««n  todai 
.xaralov  aUo  the  "Praetlcal  Tr«aH»«.>f  and  w«  are 


f««n...U  of  vrnpttre  dtM**e.  however,  oad«r 
•41   rirroin*laoe*«,  I*    r«ry   dtfflculi 

«»n  h  ».  r-rtalnly.  "a*  (kr  as  pOMlble,"  given 
t  fattiifol  and  •eenral*  r«pr»««Biatton  of  thU  elaa*  of 
di«-*«*..  «nd  lh*re  can  be  BO  doabt  that  th*«e  plat«« 
will  be  of  great  u«-  to  the  itodeal  and  practlt 
frawlag  a  dlaf«o*l*  a*  to  the  elaa«,  order,  aad  *p«clea 


.xaralov  aUo  the 
Incllo- 

btnlDK  «ccoraU  T*rha1  d«^r»ptl«»o  with  «onnd  rlewt 
:uent  of  ernptlre  Jl»ea*es. 
.10  MM.  Sow 


.  .»/./).. 

'  Pkgiicin*  to  tk*  Ski*  DffHiHtMnt  ••/  f7»(tMr«ily  OolUgt  Botpit 

BAND-BOOK  (  and  Practitionera. 

Second  Am.  Ed.     In  one  royal  12mo.  vol.  of  S68  pp.     With  Illuftrntior  -  25 


n  deed 


a«  w».  much  aeed' 

practkttoaera.  —  Okieug*  MtJHtal  feamintr,  May, 


W«  eaa  eoaaeteaUosely  r*«omm«ad  It  to  the  .to- 

4eai ;  ih-  cijle  U  tlear  and  pu»««nt  to  read,  the 

aa:t«r  U  «•••.!.  aad  the  de«crlplioo»  uf  d (••«•*.  with 

•he  node*  of  treat  i.  tuentlv 

***.—Lo*do*  Mid. 

M.rtt  I.  IMA  

N^  M.D.. 

Pl+ficta*  to  tk»  tturtkt**  London  /V.«  J>i*;~».  • 

3  OP 

!'K)D.    8eo.  -rd  and  enlarged 
En.                             In  one  haad«ome  octavo  v. 

«»jr  an  •<IL  *:   t.nu. !».•••                         i»a  d!»- 
:                        <  Meh  Ik*  tall 

•  tie  Bnanj  »u»  'A'«    «r« 

•  p-ia  which  n                                                       •  .  4t-  »cjn                                     .       •  to  the  treataaa«i  of 

teadaal  apoa  the  ••  rk»  fir*  ih»  ln»l«b i 
Iteenpoathew 

.fm«!iy«tf.  Smith'*  bookdoet  — flrtt.  JTed  /<mrm., 


HENRY  C.  LEA'S  PUBLICATIONS — (Diseases  of  Children}. 
&MITH  (J.  LE  WIS),  M.  7X, 

A3  Professor  of  Morbid  Anatomy  In  the  Belleoue  Hospital  Ned.  College,  N.  T. 

A  COMPLETE  PRACTICAL  TREATISE  ON  THE  DISEASES  OF 

CHILDREN.    Third  Edition,  revised  and  enlarged.     In  one  handsome  octave  volume 

of  726  pages.     Cloth,  $5;  leather,  $6.      (Just  Issued.) 

The  eminent  success  which  this  work  has  achieved  has  enr-ouraged  the  author,  in  preparing 
this  third  edition,  to  render  it  even  more  worthy  than  heretofore  of  the  favor  of  the  profession. 
It  has  been  thoroughly  revised,  and  very  considerable  additions  have  been  made  throughout. 
To  accommodate  these  the  volume  has  been  printed  in  a  smaller  type,  so  as  to  prevent  any 
notable  increase  in  its  size,  and  it  is  presented  in  the  hope  that  it  may  attain  the  position  of 
the  American  text-book  on  this  important  department  of  medical  science. 

This  work  took  a  stand  as  an  authority  from  its  first  edition  will  confirm  and  add  to  its  reputation.  Having 
appearance,  and  everyone  interested  iu  studying  the  been  brought  up  to  the  present  mark  in  the  rapid  ad- 


diseasea  of  which  it  treats  is  desirous  of  knowing  what 
improvements  are  apparent  in  the  successive  editions. 
The  principal  additions  to  which  we  refer,  and  which 


vance  of  medical  science,  it  is  the  best  work  in  our 
language,  on  its  range  of  topics,  for  the  American  prac- 
titioner.— Pacific  Med.  and  Surg.  Journ.,  Feb.  1«76. 


will  be  the  distinguishing  features  of  the  third  edition,  ,  j>r  Smith's  Diseases  of  Children  is  certainly  the  most 
are  chapters  on  diphtheria,  cerebro-spinal  meningitis,  valuable  WOrk  on  the  subjects  treated  that  the  practi- 
and  rb'theln.  The  former  disease  is  considered  much  tioner  can  provide  himself  with.  It  is  fully  abvea.-r 
more  in  detail  than  formerly,  and  a  great  amount  of  wjtjj  every  advance:  it  should  be  in  the  hands  of  prac- 


very  practical  information  is  added,  and  altogether  it  is 


titioners  generally,  while,  because  of  the  com 


one  of  the  most  comprehensive  and  one  of  the  best  writ-  ,l|M|  clearness  of  st'vle  of  I  be  writing  of  the  author,  every 
ten  chapters  of  the  subject  we  have  thus  far  read.  His  ,,rofessor  of  disease.-;  of  children,  if  he  has  not  already 
description  of  cerebro-spinal  meningitis,  founded  also  done  so,  should  ailopt  this  as  his  textrbook. —  Va.  Medical 


for  the  most  part  on  personal  experience,  is  admirably 


76>          The  third  edition  of  this  really  valuable  work  is  no. 


In  presenting  this  deservedly  popular  treatise  for  the 


Monthly,  Feb.  1876. 


before  us,  with  a  hundred  pages  of  additional  matter, 


third  time  to  the  profession,  Dr.  Smith  has  given  it  a  .m  ajtered  size  of  page,  new  illustrations,  and  new  type. 
careful  preparation,  which  will  make  it  of  decided  su-  Qf  tjie  di.-eases  treated  of  for  the  first  time,  we  notice 
periority  to  either  of  the  former  editions.  The  position  ;  rotheln  and  cerebro-spinal  fever,  which  lately  prevailed 
of  the  author,  as  physician  and  consultant  to  several  jn  epidemic  form  in  some  parts  of  the  country.  The 
large  children's  hospitals  in  New  York  city,  has  fur-  !  artjcle  upon  diphtheria,  containing  the  latest  develop- 
ni-hedhiin  with  constant  occasions  to  put  his  treatment  Inents  in  the  pathology  and  treatment  of  that  dread  dis- 
to  the  test,  and  his  work,  has  at  once  that  practical  and  ,,.l<e<  wi,jcy,  so  lately  ravaged  our  country,  is  peculiarly 
thoughtful  tone  which  is  a  marked  characteristic  of  the  i,,t,.restinir  to  every  practitioner.  \Ve  gladly  welcome 
best  productions  of  the  American  medical  press.— MuL  ,),;,.  standard  work,  and  cheerfully  recommend  it  to  our 
and  Xurtj.  Reporter,  Feb.  1876.  readers  as  the  best  on  this  subject  in  the  English  Ian 

The  former  editions  of  this  book  have  given  it  the     iruage.— Xashville  Journal  of  Med.  and  Surgery,  March, 
highest  rank  among  works  of  its  class,  and  the  present  ;  1876. 


S10NDIE  (D.  FRANCIS).  M.D. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDREN. 

Sixth  edition,  revised  and  augmented.     In  one  large  octavo  volume  of  nearly  800  closely- 
printed  pages,  cloth,  $5  25  ;  leather,  $6  25. 
The  present  edition,  which  is  the  sixth,  is  fully  up  I  teachers.     As  a  whole,  however,  the  work  is  the  best 


to  the  times  in  the  discussion  of  all  those  points  in  the 
pathology  and  treatment  of  infantile  diseases  which 
bave  been  brought  forward  by  the  Germauund  French 


American  oue  that  we  have,  and  in  its  special  adapta- 
tion   to  American  practitioners  it  certainly  has 
*qaal.—  New  York  Med.  Record,  March  2,  1868. 


WEST  (CHARLES).  M.  D., 

Physician  to  the  H»t>i>itri/f»r  Kick  Ohiltlrm,  <t-c. 

LECTURES  ON   THE    DISEASES   OF   INFANCY  AND  CHILD- 
HOOD.    Fifth  American  from  the  sixth  revised  and  enlarged  English  edition.     In  one  large 
and  handsome  octavo  volume  of  678  pages.     Cloth,  $4  50  ;  leather,  $5  50.     (Jnft  Issited.) 
The  continued  demand  for  this  work  on  both  sides  of  the  Atlantic,  and  its  translation  into  Ger- 
man, French,  Italian,  Danish,  Dutch,  and  Russian,  show  that  it  fills  satisfactorily  a  want  exten- 
sively felt  by  the  profession.     There  is  probably  no  man  living  who  can  speak  with  the  authority 
derived  from  a  more  extended  experience  than  Dr.  West,  and  his  work  now  presents  th«  results  of 
nearly  2000  recorded  cases,  and  600  post-mortem  examinations  selected  from  among  nearly  40,000 
cases  which  have  passed  under  his  care.     In  the  preparation  of  the  present  edition  he  has  omitted 
much  that  appeared  of  minor  importance,  in  order  to  find  room  for  the  introduction  of  additional 
matter,  and  the  volume,  while  thoroughly  revised,  is  therefore  not  increased  materially  in  size. 

Of  all  the  English  writers  on  the  diseases  of  chil-  I  living  authorities  in  the  difficult  department  of  medl- 
Iren,  there  is  no  one  so  entirely  satisfactory  to  us  as  I  cal  science  in  which  he  is  most  widely  known.— 
^r.  West.    For  years  we  have  held  his  opinion  as  I  Boston  Med.  and  Surg.  Journal. 
j  idicial,  and  have  regarded  him  as  one  of  the  highest  | 

DY  THE  SAME  AUTHOR.    ( Lately  Issued.) 

ON  SOME  DISORDERS  OF  THE  NERVOUS  SYSTEM  IN  CHILD- 

HOOD;  being  the  Lumleian  Lectures  delivered  at  the  Royal  College  of  Physicians  of  Lon- 
don, in  March,  1871.     In  one  volume,  small  12mo.,  cloth,  $1  00. 


WEES  ON    THE    PHYSICAL    AND    MEDICAL   TSEATMENT    OF  CHILDREN.       Eleventh  edition. 
1  vol.  Svo.  of  548  pages.     Cloth,  $2  80. 


HiifET  0.  LBA'S  PUBLIOATIOWS — (Distant*  of  Women). 


rrn»M.\*  cr.  9AILLABD  .  M 

/Vo/««»or  <tf  OMstr*-*.  -t .-. .  i  „  C  *«  Oolhg,  of  Pkv*H<in, and  8urg«m».  2T.  1 

A  I  ASESOK 

••nUrged  And  thoroughly  revised.    In  on*  large  and  bandiorne  octavo  volume  of 
SOOpagM,  with  !'.'!   illuitrationi.     Cloth,  $5  <  <*u«i.) 

The  author  DM  taken  advantage  of  the  opportunity  afforded  by  the  r 

rthy  a  continuance  of  the  very  remarkable  favor  with  which  it  ban  been 

received.     Every  portion  haa  been  (objected  to  a  ooneeientiont  revision,  and  no  labor  baa  been 
•pared  to  make  it  a  complete  treatise  on  the  most  advanced  condition  of  iti  important « u 

*   which  ha*  reached  a  fourth  edition,  and     .loo  wo  a  Id  remark  that,  as  a  teacher  of  gynecology, 
thai,  too.  In  the  »bort  .p*r»  of  nve  rrmrv  ha*  achieved      both  ' 

lak»n  the  l-sd  far  ahead  of  hi*  r.,n/v,r,,.  *, 
author  he  certainly  haa  met  with  onu-ual  aad  mer- 
lt«.l  aoeceea.— Am  Jour*,  of  <>•  . 

This  volun.  .man  in  ll»  r««Tl»«d  form 

U  classical. without  being  p»>.i*utlc.  fall  In  i  h. 
of  anatomy    aod    pathology,    without    ponderous 
(rao«latii>o  of  pages  of  aerm*n  literature,  Describes 
"  e  detail*  aod  difficulties  of  each  opera- 


a  reputation  which  place*  It  almost  beyood  the  rearh 

i.m.  aod  the  favorable  opinions  whirl,  « 
alreadi 

•l.at   w«  .1,.  ,  .r-  th.n    annoonee 

We  rani, 
n«  a  practical  work.  • 

•  !.y  other  lamrna««.  The  arrange- 
ment of  the  ranteau.  the  admirably  clear  manner  in 
which  the  rabjeet  of  the  differential  dia«nn.U  of 
•everal  of  the  d1*e*»M  to  handled,  leave  nothlox  to  be 
dWred  by  toe  prarUUoner  who  wanU  a  thoroughly 
work,  one  to  which  he  co*  refer  In  difficult 
earn  of  donbUul  dlaciMwto  with  the  certainly 

ma-  U  a  man  with  a 

•     :          ,.- •.,„!'    .r.  !  r    ,r.ii,,-  nn  I   iii.r.M      ii»l  !••  '1,-rn 

odUetlUpm 

be  guilty  of  the*e  faulU.— London  Lanctt, 


•  '        a  of  this  well-known  tr - 
•-••rt-.nl  eh*r*e(»r*  which  rendered  the 
•ar!l««t  eo  deaervedly  p.  -xill  pre-emt- 


•.  wearying  and  u»el«««  nnnntlM.  and  Is 
in  Mil  ra«p«eua  work  worthy  of  confidence. 
Ing  the  high  regard  in  which  \: 

held  by  the  profession.— Am 
(X«t«.J.,*rn.   Get 

Profeasor  Thomas  fairly  took  the  Profession  of  the 
Catted  Bute*  by  storm  when  hi*  *de  its 

appearance  early  IB  1S68.     Its  reception  wan  simply 
enthusiastic,  notwithstanding  a  few  I 

r  trs.D»ailaQttc  tTftlhren,  the  first  large 
was  rapidly  exhaunted,  and  In  six  mouth*  a 
second  one  was  leaned,  and  In  two  years  a  third  one 
waa  announced  and  published,  and  w«  are  now  pro- 
mised the  fourth.  The  popularity  of  this  work  was 
not  ephemeral,  and  its  suc<v«»  was  unprecedented  ID 


->i«uld  hardly  fall  to 
have  It  on  hand  for  future  reference.— #.  T.  Jfed. 

Reluctantly  we  are  obliged  to  eloee  this  nn-atls 
factory  notice  of  so  excellent  a  work,  and  in  r 


overestimate  hii 

and  executed  the  w<>r 

U:  m  AIM •«••«  /  «•  >m<  •>  -  Pao 
.  Journal,  S-; 


BARNES  (ROBERT).  M.  D.,  F.R.C.P., 

OM«<  n  to  8t.  Th.i*M»',  H 

A  CLINICAL    I  DICAL  AND  SI 

<  B8  OP  WOM  KX.      In  one  handsome  oot*vo  volume  of  about  800  pagei,  with 
1A»  illustration*.     Cloth,  $5  00,  leather,  $0  00.     (Ju«  Inutd.) 

slon  with  which  his  name  has  so  long  been  h 

•wever,  ail  exhaustive  an- 

beyond    all    re»...0al>la    i 
J'>*rn.,  July, 

Embodying  the  long  experience  and  j 

ofthegreatest  of  living  teachers  lo  dls- 

if  the  n 


•nly  a  practitioner  of  exr 

ally  large  op;,  .rt«in. i,..,.  which  he  haa  naed  well,  hnt 
he  has  kept  hlm*elf  loformed  of  what  has  h«en  »atd 
aad  done  by  others ;  aad  he  has  in  the  pre- 
a»e  Ju'itdoo.ly    u.«.|    this    knowing*.      U 

y  reeommead  Dr.  lUrar.  vyoje- 

I..BI  aad  pracution- 

We  caa  t>ly  repeat  that,  as  a  thoroughly  eonod. 
praei 
w  .rt  which  can  cosaparr  •  ,.    To 

wellastoib«geoe> 
r«  a  most  useful  «. 

lac  "lastexprevsourcoavlctlonthal. 

the  wide  r«ag«  of  sohjeets  conpres.ed 

eearteanse    aod    el*aro«.s    with   wi 
iretrsaud.aadevtdeotl? 
•its,  aod.  la<t> 

taelleatloa  will  not. he  •«> 

-»a«  the)  juJi1 
dlea«*ee  peculiar  to  worn* 

. 
••tloa  to  the  literature  of  that  branch  «f  the  ; 


'  havlug 


any 


.  r  ..  i 


IduAls.  la  the 


»hteli  rj  Amxrlcan  physl- 


HENRY  0.  LEA'S  PUBLICATIONS-- (.Diseases  of  Women). 


23 


fJODQE  (HUGH  L.},  M.D., 

£J-  Emeritus  Professor  of  Obstetrics,  Ac.,  in  the  University  of  Pennsylvania. 

ON  DISEASES  PECULIAR  TO  WOMEN;  including  Displacements 

of  the  Uterus.     With  original  illustrations.     Second  edition,  revised  and  enlarged.     In 
one  beautifully  printed  octavo  volume  of  531  pages,  cloth,  $4  50. 


From  PBOF.  W.  H.  BYFOKD,  of  the  Rush  Medical 
College,  Chicago. 

The  book  bears  the  impress  of  a  master  hand,  and 
must,  as  its  predecessor,  prove  acceptable  to  the  pro- 
fession. In  diseases  of  women  Dr.  Hodge  has  estab- 
lished a  school  of  treatment  that  has  become  world- 
wide in  fame. 


Professor  Hodge's  work  IB  truly  an  original  one 
rom  beginning  to  end,  consequently  no  one,  can  pe- 
t  use  its  pages  without  learning  something  new.  Asa 
contribution  to  the  study  of  women's  disease,  it  is  of 
great  value,  and  is  abundantly  able  to  stand  on  its 
own  merits.— AT.  ¥.  Medical  Record,  Sept.  15,  1868. 


(CHARLES],  M.D. 
LECTURES  ON  THE  DISEASES  OF  WOMEN.    Third  American, 

from  the  Third  London  edition.     In  one  neat  octavo  volume  of  about  550  pages,  cloth, 
$3  75  ;  leather,  $4  75. 

As  a  writer,  Dr.  West  stands,  in  our  opinion,  se-  seeking  truth,  and  one  that  will  convince  the  student 
«ond  only  to  Watson,  the  •'  Macanlay  of  Medicine ;'     that  he  has  committed  himself  to  a  candid,  safe,  aad 
he  possesses  that  happy  faculty  of  clothing  instruc     valuable  guide. — N.  A.  Med.-Ghirurg  Review. 
tion  in   easy  garments ;    combining    pleasure  with 

profit,  he  leads  his  pupils,  in  spite  of  the  ancient  pro-  .  We  ha™  to  say  of  it,  briefly  and  decidedly,  that  It 
verb,  along  a  royal  road  to  learning.  His  work  is  one  ,  "  tbe  be8*  work  ™  "«  subject  in  any  language,  and 
which  will  not  satisfy  the  extreme  on  either  side,  but  *£**  l*  p'amPs.  Dr-  West  as  the  facile  princeps  of 
it  IH  one  that  will  please  the  great  majority  who  are  |  Bntl8n  obstetric  wthort.-Edinburgh  Med.  Journal. 


DSWEES'S  TREATISE  ON  THE  DISEASES  OF  FE- 
MALES. With  illustrations.  Eleventh  Edition 
with  the  Author's  last  improvements  and  correc 
tions.  In  one  octavo  volume  of  536  pages,  with 
Dlat«R.  cloth.  $3  00. 

CHURCHILL  ON  THE  PUERPERAL  FEVER  AND 
OTHER  DISEASES  PECULIAR  TO  WOMEN  1  vol. 
8vo.,  pp.  450,  cloth.  $250. 


ASHWELL'S  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES PECULIAR  TO  WOMEN.  Third  American, 
from  the  Third  and  revised  London  edition.  1  vol. 
8vo.,  pp.  528,  cloth.  $3  50. 

MEIGS  ON  THE  NATURE,  SIGNS,  AND  TREAT- 
MENT OF  CHILDBED  FEVER.  1  vol.  8vo-  pp. 
S65,  cloth..  $2  00. 


/TANNER  (THOMAS  H.},  M.D. 
ON  THE  SIGNS  AND  DISEASES  OF  PREGNANCY.     First  American 

from  the  Second  and  Enlarged  English  Edition.     With  four  colored  plates  and  illustration* 
on  wood.     In  one  handsome  octavo  volume  of  about  500  pages,  cloth,  $4  25 


With  the  immense  variety  of  subjects  treated  of 
and  the  ground  which  they  are  made  to  cover,  the  im- 
possibility of  giving  an  extended  review  of  thin  truly 
remarkable  work  must  be  apparent.  We  have  not  a 
single  fault  to  find  with  it,  and  most  heartily  corn- 
mend  it  to  the  careful  study  of  every  physician  who 
would  not  only  always  be  sure  of  his  diagnosis  of 


We  recont.meud  obstetrical  students,  young  acd 
old,  to  have  this  volume  in  their  collections.  It  con- 
tains not  only  a  fair  statement  of  the  signs,  symptom e, 
and  disease?  of  pregnancy,  but  comprises  in  addition 
ranch  interesting  relative  matter  that  is  not  to  be 
found  in  any  other  work  that  we  can  name. — Edin- 
burgh Med.  Journal,  Jan.  1868. 


1J1HE  OBSTETRICAL  JOURNAL.     (Free  of  postage  for  1877.) 

THE    OBSTETRICAL   JOURNAL   of  Great   Britain   and  Ireland; 

Including  MIDWIFERY,  and  the  DISEASES  OP  WOMEN  AND  INFANTS.  With  an  American 
Supplement,  edited  by  J.  V.  INGHAM,  M.D.  A  monthly  of  about  80  octavo  pages, 
very  handsomely  printed.  Subscription,  Five  Dollars  per  annum.  Single  Numbers,  50 
cents  each. 

Commencing  with  April,  1873,  the  Obstetrical  Journal  consists  of  Original  Papers  by  Brit- 
ish and  Foreign  Contributors  ;  Transactions  of  the  Obstetrical  Societies  in  England  and  abroad  ; 
Reports  of  Hospital  Practice;  Reviews  and  Bibliographical  Notices;  Articles  and  Notes,  Edito- 
rial, Historical,  Forensic,  and  Miscellaneous;  Selections  from  Journals;  Correspondence,  Ac. 
Collecting  together  the  vast  amount  of  material  daily  accumulating  in  this  important  and  ra- 
pidly improving  department  of  medical  science,  the  value  of  the  information  which  it  pre- 
sents to  the  subscriber  may  be  estimated  from  the  character  of  the  gentlemen  who  have  already 
promised  their  support,  including  such  names  as  those  of  Drs.  ATTIIILL,  ROBERT  BARNES,  HENRY 
BENNKT,  THOMAS  CHAMBBRS,  FLEKTWOOD  CHURCHILL,  MATTHEWS  DUNCAN,  GRAILY  HEWITT, 
BRAXTON  HICKS,  ALFRED  MEADOWS,  W.  LEISHMAN,  ALEX.  SIMPSON,  TYLER  SMITH,  EDWARD  J. 
TILT,  SPBNCER  WELLS,  Ac.  Ac. ;  in  short,  the  representative  men  of  British  Obstetrics  and  Gynae- 
cology. 

In  order  to  render  the  OBSTETRICAL  JOURNAL  fully  adequate  to  the  wants  of  the  American 
profession,  each  number  contains  a  Supplement  devoted  to  the  advances  made  in  Obstetrics  and 
Gynaecology  on  this  side  of  the  Atlantic.  This  portion  of  the  Journal  is  under  the  editorial 
charge  of  Dr.  J.  V.  INGHAM,  to  whom  editorial  communications,  exchanges,  books  for  re- 
view, Ac.,  may  be  addressed,  to  the  care  of  the  publisher. 

***  Complete  sets  from  the  beginning  can  no  longer  be  furnished,  but  subscriptions  can  com- 
menoe  with  Vol.  V.,  April,  1877. 


Hi!fRT  C.  LIA'S  PUBLICATION*— (Iftfirt/ery). 


/'  ".'cot      -re  we 

A 'I 


T»e  »t«.l«nt  and  aleo  the  b«.T  practitioner  will  dad 
here  •  rVb  mln.  fro-  vl.  i  » 'do  TaluaMe 

...        .  •       ,...,...'.   .••.        •,.      ,    .   ,      •      •     ;  -..:• 

,.      ,     -  ...  .....;•.-,        :,   •!    .          «•     ...  • 

of  a  natural  labor  I.  by  tUeil  « 

book.    li»l.«d.  author.  r«o.r»Jly  ~««n  to  mr - 

mtUr  as  of  trivial  t«p«irunr».  a*  tboa/h  It  w«re  a 

•        :   '  •      '  ••'!•• ' 


thing  loo  wall  known  to  neea  eianaauon.  wn 
dwell  at  great  and  ttreeotn. 

Uon«,  malformation*,  etc  ,  matter*  whleh  m  rarely  are 

•Moontered  by  the  general  practitioner    Bat  we  might 

..Mb.  BO  fajrituulng  b»ve  w« 

r     •     .  '  I"    i'.      '    >    '      " ••'•  « ••> 

roraamend  It  to  all  onr  readers  a*  a  book  which  shoold 
...  ,        •  •    •;  .  .       !..    \.  -    :u.  I  •  i..-. 

too.  wWh  lb.y  ahoaldeooBtaatly  and  carefully  study. 
— JeW.  «wt  .V-rg.  Ktfafitr,  Sept.  30,  1876. 

The  author's  reputation  was  »uffldent  to  warrant 
when  lib  forthcoming  work  wa»  an- 

.,..,,,,,,....,,    ,„..;;_,;;-;; 


the  piofcojirm  In  a  long  time,  and  In  MJ 
not  forget  the  manr  a.lmlr»l 
MtlvasjBoaNd      N    •  •  •    •      •    •" 


.twit  , 
Mt     I 


>iand«ome  ortavo  volume  of  576  pages,  with  loo  illustrations  :  cloth,  $4  00; 
ther,  $5  00.     ( J« 

In  a  lon«  tlror.  and  In  »a>ln(r  IhU  w«  do 

i(T.>r.l  to  be  with* 
The  hl«h  reputation  air. 

•        :.,      -!  •',.... ."  I  Mi 

aatee  for  the  •oritorVmseharaeUr 
pa«e  U  replete  <*lth  InlervtlnK  ai> 

->-<ardlng  the 

tlcmlvr,  •  •  predict,  a  la: 

r.nlv.n!-     fkokOOk  ••  ,       '          •  -    '•   '•   ••••'>•  -  " 

abUwood-«titv  .  auliful  type,— Obv 

Janort  ewe!  Qeoii  xr,  Nov.  1976. 

r  a  w.,rk  a.lapl«l  U>  tl.e  « 

i  r  bra  neb  of  BMOMfoe 

than  an>  »tl.-  • 

Ls  vork  too  moob  c*< 

and  every  graduate  to  obtain  It.  an«l  ho|- 
-r..  it  adopted  as  the  prln 


Tb.  work  \»  th«  mo.t  valuable  a«,ukUkm     B*lidne  In  •*«,  «Oltag«ta 

C  oo  wblch  It  trr.u  wbleb  HM  DMU  gi.eo  '  r,H,  MM.  and  A.. , 


fTODGK  (HUGH  L.).  ^  /' 

•"  «awri/tt«  /  ''^V.  **•    «» '»•  Unl^rtttv  Of  P>  *«. 

Til  PRAOTIOB   <>K   <  08.     Illus- 

iratM  with  l«r)re  !ith«.|rr»phic  plaUi  oonUining  one  hundred  and  fifty-nine  figure  from 
original  photograph*,  and  with  numerous  wood-ouU.     In  one  1»r.  .fully  printed 

quarto  rolume  of  660  double  columned  page*,  strongly  bound  in  cloth,  $14. 


obstetrieiana.    Of  the  American  worka  on  the 
it  la  decidedly  the  beet— E<f<o6.  M 

We  have  read  Dr.  Bodge  •  book  wttn  great  pi** 
•are,  and  have  much  aatlafaetlon  in  .  > 
commendation  of  It  aaa  whole.    It  t»  certain  I  y  highly 
ire,  and  in  the  main,  we  believe 

great  attention  which  the  author  baa  devoted  to  the 

•' that  no  fact  or  principle  meebaaiam  of  parturition,  taken  al»DK  with 


Tke  work  of  Dr  Hodfe  la  Konetbtof  more  tbaa  a 
•Implo  preMatatloo  of  bU  particular  rtcwa  ID  tbe  de- 
partr,  .  ^.ro.lblng  mor«  than  »n 

erdlnary  traatlM  oa  raid  wlf.ry  ;  It  la.  In  fact,  a  cyclo- 
PB.IU  of  mldwifory      Ho  ha.  aimed  to  embody  la  a 
atftfto  *•!•»•  Itowfcvta  •elenceaod  art  of  O I 
An  oUh'Tat-  i-xt  I*  coroblD«Ki  with  acrorat«  and  * 


la  left  nnctated  or  unexplained  —  Am.  Jttd.  Tim**, 
•«pt   .1.  1S44. 

It  «»T«ry  large,  profmeely  and  elegantly  Illustrated. 
aad  Is  fltted  to  take  lu  place  near  the  works  of  great 

Specimens  of  the  plates  and  letter-press  will  bo  forwarded  to  any  address,  free  by  mail, 
on  receipt  of  six  cent*  in  pottage  stamps. 


eloaluaa  at  which  he  baa  arrived,  point,  we  thlak, 
eoneloalvelv  to  the  fart  that,  in   Britain  at  I- 

••-  of  Raegele  have  been  too  blindly  received. 

.  J, "  .-64. 
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AMSBOTHAM  (FRANCIS  H.)t  M  l>. 

PRJLOT1  HBDI- 

th«  Procew  of  Parturitinn.     A  new  and  enlarged 
Led  hy  the  author      With  a<Mitii.nn  hv   \V     V     KKATIH*.  M.  D., 

ProfeMor  of  Obttr-  I   the  Jefferson  Medical  ColleRe.  Philadelphia.     In  one  large 

and  haodiome  imperial  octavo  volume  of  650  pages,  strongly  bouml  in  leither,  with  raided 
bands  .  with  siity-four  beautiful  platen,  and  numerous  wood-cuts  in  the  text,  containing  in 
•  -arly  200  large  and  beautiful  figures      $7  00. 
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>OD).  M.D.,  M.R  : 


IP    MIDWII  :  \  new 

American  from  the  fourth  revised  and  enlarged  Lon<i<  note*  and  addition! 

by  D.  FBA*  ••!  Treatioe  on  the  I)i»ea*e»  of  Chil- 

dren."  «W      With  one  hundred  and  lluntrntion*      In  one  very  handsome  octavo 

.me  of  nearly  700  large  pages.     Cloth.  $4  00  .  leather,  $5  00. 


.  .  *ro..of  a«arly*0o  ;.. 


RIOBT-S  8T8TIM  OF  MIDWIFERY.    With  Note. 

aed   Addltloaal  IllmetraUoma.     Seeoad   Anericaa 

i.     Oae    volume    octavo,   cloth.  429   p*fea 
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TEISHMAN  ( WILLIAM],  M.D., 

Regius  Professor  of  Midwifery  in  the  University  of  Glasgow,  &c. 

A  SYSTEM  OF  MIDWIFERY,  INCLUDING  THE  DISEASES  OP 

PREGNANCY  AND  THE  PUERPERAL  STATE.     Second  American,  from  the  Second 
and  Revised  English  Edition,  with  additions  by  JOHN  S.  PARRY,  M.D.,  Obstetrician  to  the 
Philadelphia  Hospital,  &c.     In  one  large  and  very  handsome  octavo  volume  of  over  700 
pages,  with  about  two  hundred  illustrations:  cloth,  $5  ;  leather,  $6.     (Lately  Issued.) 
But  the  most  valuable  additions  to  the  volume  are    its  present  shape,  is  a  great  improvement  on  its  prede- 


those  made  by  the  American  editor.  One  of  the  best  tests 
of  a  man's  ability  is  for  him  to  take  a  standard  work  in 
our  profession,  like  this  of  Dr.  Leishman,  and  materially 
improve  it.  Many  a  one,  with  more  ambition  than  wis- 
dom, has  attempted  it  with  other  books  and  failed.  But 
Dr.  Parry  has  succeeded  most  admirably.  We  know  no 
obstetrical  work  that  has  anything  better  on  the  use  of 
the  forceps  than  that  which  Dr.  Parry  has  given  in  this, 
and  no  work  that  has  the  rational  and  intelligent  views 
upon  lactation  with  which  he  has  enriched  this.  Having 
used  "Leishman"  for  two  years  as  a  text- book  for  stu- 
dents, we  can  cordially  commend  it,  and  are  quite  satisfied 
to  continue  such  use  now.— Am.  Practitioner,  Mar.  1876. 
This  new  edition  decidedly  confirms  the  opinion  which 
we  expressed  of  the  first  edition  of  the  work,  in  the  May, 
li-C-1,  number  of  this  Journal,  that  this  is  "the  best 
modern  work  on  the  subject  in  the  English  language." 
The  excellent  practical  notes  contributed  by  Dr.  Parry 
refer  principally  to  the  use  of  the  forceps,  lactation,  and 
the  puerperal  'diseases,  And  are  intended  to  increase  the 
usefulness  of  the  work  in  this  country.  An  entirely  new 
chapter  on  diphtheria  of  puerperal  wounds  has  been 
added  (Dr.  P.  has  had  unusual  experience  in  this  form 
of  puerperal  fever),  and  also  a  number  of  illustrations 


of  the  principal 
rica.   We  have  r 


obstetrical  instruments  in  use  in  Ame- 


no  hesitation  in  saying  that  the  work,  in 


censor,  and  in  recommending  it  as  the  one  obstetrical 
text-book  which  we  should  advise  every  English  speak- 
ing practitioner  and  student  to  buy. — American  Jour- 
nal of  Obstetrics,  Feb.  1876. 

Perhaps  the  most  useful  one  the  student  can  procure. 
Some  important  additions  have  been  made  by  the  editor, 
in  order  to  adapt  the  work  to  the  profession  in  this  coun- 
try, and  some  new  illustrations  have  been  introduced, 
to  represent  the  obstetrical  instruments  generally  em- 
ployed in  American  practice.  In  its  present  form,  it  is 
an  exceedingly  valuable  book  for  both  the  student  and 
practitioner. — New  York  Med.  Jfsurnal.  .Ian.  1876. 

In  about  two  years  after  the  issue  of  this  excellent 
treatise  a  second  edition  has  been  called  for.  We  reg;ir<i 
the  treatise  as  thoroughly  sound  and  practical,  and  one 
which  may  with  confidence  be  consulted  in  any  emer- 
gency.— The  London  Lancet,  Dec.  11,  lfe?6. 

The  appearance  of  a  second  edition  of  this  System  is 
the  fulfilment  of  the  prophecy  which  we  made  in  a 
former  review,  that  the  book  was  destined  to  •'  become  a 
favorite."  The  additions  by  Dr.  Parry  are  usually  not 
abundant,  but  certain  places  which  are  pointed  out  as 
the  weak  part  of  Dr.  Leishinan's  handicraft  have  been 
greatly  strengthened  by  abundant  and  very  judicious 
addenda.— Phitad.  Med'.  Times,  Dec.  25,  1875. 


V  WAYNE  (JOSEPH  GRIFFITHS),  M.D., 

*^  Physician-Accoucheur  to  the  British  General  Hospital,  &c. 

OBSTETRIC  APHORISMS  FOR  THE  USE  OF  STUDENTS  COM- 
MENCING MIDWIFERY  PRACTICE.  Second  American,  from  the  Fifth  and  Revised 
London  Edition,  with  Additions  by  E.  R.  HDTCHINS,  M.  D.  With  Illustrations.  In  one 
neat  12mo.  volume.  Cloth,  $1  25.  (Lately  Issued.) 

***  See  p.  611  of  this  Catalogue  for  the  terms  on  which  this  work  is  offered  as  a  premium  to 
subscribers  to  the  "AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES." 
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"INCKEL  (F.), 

Professor  and  Director  of  the  Gyncecologicul  Clinic  in  the  University  of  Rostock. 

A  COMPLETE  TREATISE  ON  THE  PATHOLOGY  AND  TREAT- 
MENT OF  CHILDBED,  for  Students  and  Practitioners.  Translated,  with  the  consent  of 
the  author,  from  the  Second  German  Edition,  by  JAMES  READ  CHADWICK,  M.D.  In  OD« 
octavo  volume.  Cloth,  $4  00.  (Just  Issued.) 

We  feel  quite  sure  that  the  profession  of  this  country    preface,  to  supply  a  want  arising  from  the  very  brief 

rill  give  this  interesting  and  learned  work  a  cordial 


welcome  —  Cincinnati  Med.  News,  June,  1876. 

In  Germany  this  treatise  is  regarded  as  a  standard 
authority  in  this  branch  of  medicine,  and  as  it  con- 
tains the  resent  advances  in  the  pathology  and  treat- 
ment of  diseases  that  pertain  to  the  puerperal  condition, 
will  be  gladly  received  by  a  large  portion  of  the  profes- 
sion in  this  country.— Cincinnati  Lancet  and  Observer, 
June,  1876. 

This  work  was  written,  as  the  author  tells  us  in  his 


onsideration  given  to  puerperal  diseases  by  writers  on 
Obstetrics,  in  which  respect  it  seems  the  profession  in 
his  country  is  not  different  from  ours,  and  to  fill  a  blank 
left  between  the  treatises  upon  tbe  subject  already  in 
the  field,  and  the  present  standpoint  of  science.  The 
work  has  reached  a  second  edition,  and  bears  evidence 
throughout  of  careful  study  and  practical  experience. 
As  its  title  implies,  it  is  a  manual  rather  than  a  treatise. 
— American  Journal  of  Med.  Sciences.  April.  It7l. 


*ARRT  (JOHN  S.),  M.D., 

ObitMrician  to  the  Philadelphia  Hospital,  Vice-Prest.  of  the  Ohstet.  Society  of  Philadelphia. 

EXTRA-UTERINE    PREGNANCY:    ITS    CLINICAL    HISTORY, 

DIAGNOSIS,    PROGNOSIS,  AND   TREATMENT.     In  one   handsome  octavo  volume. 
Cloth,  $2  60.     (Lately  Issued.) 

out  of  something  very  like  chaos.—  Philadelphia  Med. 

Times,  Feb.  19,  1876. 
In  this  work  Dr.  Parry  has  added  a  most  valuable 

contribution  to  obstetric  li  terature.  and  one  which  meets 


It  is  with  genuine  satisfaction,  therefore,  that  we  read 
the  work  before  us,  which  is  far  in  advance  of  any  mo- 
nograph upon  the  subject  in  the  English  language,  and 


exceeding  very  much,  in  the  number  of  cases  upon 
which  it  is  based,  we  believe,  any  work  of  the  kind  ever 
published.  The  author  has  given  great  care  and  study 
to  the  work,  and  has  handled  his  statistics  with  judg- 
ment; so  that,  whatever  was  to  be  gained  from  them, 
he  has  gained  and  added  to  our  knowledge  on  the  sub- 
ject. We  owe  the  author  much  for  giving  us  a  clear, 
readable  book  upon  this  topic.  He  has,  so  far  as  it  is 
at  present  possible,  removed  the  obscurity  attending 
certain  points  of  the  subject.  lie  has  brought  order 


a  want  long  felt  by  those  of  the  profession  who  have 
ever  been  called  upon  to  deal  with  this  class  of  cases.  — 
Boston  Med.  and  Surg.  Journ.,  March  9,  1876. 

This  work,  being  as  near  as  possible  a  collection  of  the 
experiences  of  many  persons,  will  afford  a  most  useful 
guide,  both  in  diagnosis  and  treatment,  for  this  most 
interesting  and  fatal  malady.  We  think  it  should  be  in 
the  hands  of  all  physicians  practising  midwifery.—  Cin- 
cinnati Clinic,  Feb.  5,  1876. 
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•und  in  leather,  with  railed  hands,  $  1  1,      .hut  ItnuH.) 
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rate.  By  the  ate  of  a  olo»e,  though  very  legible  type,  an  unusually  large  amount  of  matter  it 
condensed  in  iU  pages,  tbe  two  volume*  containing  as  much  as  four  or  five  ordinary  octavos. 
TbU,  combined  with  tbe  most  careful  mechanical  execution,  and  its  very  dnrat  renders 

It  one  of  the  cheapest  works  accessible  to  tbe  profession.    Every  subject  properly  belongin, 
domain  of  surgery  is  treated  in  detail,  so  that  the  student  who  possesses  this  work  may  be  laid  to 
have  in  it  a  surgical  library. 
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A  SHHURST  (JOHN,  Jr.),  M.D., 

"^~  Prof,  of  Clinical  Surgery,  Univ.  of  Pa.,  Surgeon  to  the  Episcopal  Hospital,  Philadelphia. 

THE   PRINCIPLES   AND    PRACTICE   OF    SURGERY.     In  one 

very  large  and  handsome  octavo  volume  of  about  1000  pages,  with  nearly  550  illustrations, 
cloth,  $6  50;  leather,  raised  bands,  $7  50. 


Its  author  has  evidently  tested  the  writings  and 
experiences  of  the  past  and  present  in  the  crucible 
of  a  careful,  analytic,  and  honorable  mind,  and  faith- 
fully endeavored  to  bring  his  work  up  to  the  level  of 
the  highest  standard  of  practical  surgery.  He  is 
frank  and  definite,  and  gives  us  opinions,  and  gene- 
rally sound  ones,  instead  of  a  mere  resume  of  the 


opinions  of  others.  He  is  conservative,  but  not  hide- 
bound by  authority.  His  style  is  clear,  elegant,  and 
scholarly.  The  w<  rk  is  anadmirable  text-book,  and 
a  useful  book  of  reference.  It  is  a  credit  to  American 
professional  literature,  and  one  of  the  first  ripe  fruits 
of  the  soil  fertilized  by  the  blood  of  our  late  unhappy 
var.—  N.  Y.  Med.  Record,  Feb.  1,  1872. 


H 


'OLMES  (TIMOTHY],  H.D., 

Surgeon  to  St.  George's  Hospital,  London. 

SURGERY,  ITS    PRINCIPLES 

some  octavo  volume  of  nearly  1000  pages, 
(Just  Issiied.) 

We  believe  it  to  be  by  far  the  best  surgical  text-book 
that  we  have,  insomuch  as  it  is  the  completes!,  and 
the  one  most  thoroughly  brought  up  to  the  knowledge 
of  the  present  day.  All  who  will  give  this  book  the 
careful  perusal  that  it  deserves  and  requires,  whe- 
ther student  or  practitioner,  will  agree  with  us,  that, 
from  the  happy  way  in  which  justice  is  done,  both  to 
the  principles  and  practice  of  surgery,  from  the  care 
with  which  its  pages  are  brought  up  to  modern  date, 
from  the  respect  which  is  paid  all  along  to  the  opin- 
ions of  others,  it  deserves  to  take  the  first  place 
among  the  text-books  on  surgery.  —  British  Med. 
Journ.,  Dec.  25,  1S75. 

This  is  a  work  which  has  been  looked  for  on  both 
sides  of  the  Atlantic  with  much  interest.  Mr.  Holmes 
is  a  surgeon  of  large  and  varied  experience,  and  one 
of  the  best  known,  and  perhaps  the  most  brilliant 
writer  upon  surgical  subjects  in  England.  P.  is  a 
book  for  students— and  an  admirable  one— and  for 
the  busy  general  practitioner.  It  will  e\  ve  a  student 
all  the  knowledge  needed  to  pass  a  rigid  examina- 
tion. The  book  fairly  justifies  the  high  expectations 
that  were  formed  of  it.  Its  style  is  clear  aud  forcible, 
even  brilliant  at  times,  and  the  conciseness  needed 


AND    PRACTICE.     In  one  hand- 

with  411  illustrations.     Cloth,  $6;  leather,  $7. 


to  bring  it  within  its  proper  limits  has  not  impaired 
its  force  and  distinctness.— N.  Y.  Med.  Record,  April 
14,  1876. 

It  will  be  found  a  most  excellent  epitome  of  sur- 
gery by  the  general  practitioner  who  has  not  the  time 
to  give  attention  to  more  minute  and  extended  works, 
and  to  the  medical  student.  In  fact,  we  know  of  no 
one  we  can  more  cordial'y  recommend.  The  author 
has  succeeded  well  in  giving  a  plain  and  practical 
account  of  each  surgical  injury  and  disease,  and  of 
the  treatment  which  is  most  commonly  advisable. 
It  will  no  doubt  become  a  popular  work  in  the  pro- 
fession, and  especially  as  a  text-book.— Cincinnati 
Med.  News,  April,  1806. 

In  point  of  literary  structure  we  have  no  words  but 
those  of  praise  to  write  of  Dr.  Holrnes's  book.  His 
diction  is  always  graceful  and  clear,  and  he  usually 
works  with  gre'at  conscientiousness  Ther«  is  much 
independence  of  thought  and  a  healthy  disposition  to 
resist  the  tendency  to  walk  iu  old  tracks  simply  be- 
c?aise  they  are  old.  On  the  whole,  he  has  done  his  work 
in  a  manner  for  which  it  would  be  ungenerous  uot  to 
give  him  very  high  credit  indeed. — Dublin  Journ.  of 
Med.,  Oct.  IhTti. 


THE  PRINCIPLES  AND  PRACTICE  OF  SURGERY. 
By  WILLIAM  PiRRiE.F.R  S.E.,  Professor  of  Surgery 
in  the  University  of  Aberdeen.  Edited  by  JOHN 
NEILL,  M.D.,  Professor  of  Surgery  in  the  Penna 


Medical  College,  Surgeon  to  the  Pennsylvania  Hos- 
pital, &c.  In  one  very  handsome  octavo  volume  of 
780  pages,  with  316  illustrations,  cloth,  $3  7.j. 


T>1GELO  W  (HENRY  J.},  M.  /)., 

•*-*  Professor  of  Surgery  in  the  Massachusetts  Med.  College. 

ON   THE   MECHANISM   OF    DISLOCATION  AND  FRACTURE 

OF  THE  HIP.     With  the  Reduction  of  the  Dislocation  by  the  Flexion  Method.     With 
numerous  original  illustrations.      In  one  very  handsome  octavo  volume.      Cloth,  $2  50. 


TJAMILTON  (FRANK  H.},  M.D., 

Professor  of  Fractures  and  Dislocations,  Ac.,  in  Bellevue  Hasp.  Med.  College,  New  York. 

A  PRACTICAL  TREATISE   ON   FRACTURES  AND   DISLOC1- 

TIONS.  Fifth  edition,  revised  and  improved.  In  one  large  and  handsome  octn,vo  volume 
of  nearly  800  pages,  with  344  illustrations.  Cloth,  $5  75  ;  leather,  $fi  75.  (Now  Ready.) 
This  work  is  well  known,  abroad  as  well  as  at  home,  as  the  highest  authority  on  its  important 
subject — an  authority  recognized  in  the  courts  as  well  as  in  the  schools  and  in  practice — and 
again  manifested,  not  only  by  the  demand  for  a  fifth  edition,  but  by  arrangements  now  in  pro- 
gress for  the  speedy  appearance  of  a  translation  in  Germany.  The  repeated  revisions  which  the 
author  has  thus  had  the  opportunity  of  making  have  enabled  him  to  give  the  mostcareful  consid- 
eration to  every  portion  of  the  volume,  and  he  has  sedulously  endeavored  in  the  present  issue, 
to  perfect  the  work  by  the  aid  of  his  own  enlarged  experience  and  to  incorporate  in  it  whatever 
of  value  has  been  added  in  this  department  since  the  issue  of  the  fourth  edition.  It  will  there- 
fore be  found  considerably  improved  in  matter,  while  the  most  careful  attention  has  been  paid 
to  the  typographical  execution,  and  the  volume  is  presented  to  the  profession  ir  the  confident 
hope  that  it  will  more  than  maintain  its  very  distinguished  reputation. 

There  is  no  better  work  on  the  subject  in  existence 


than  that  of  Dr.  Hamilton.  It  should  be  in  the  posses- 
sion of  every  general  practitioner  and  surgeon. — The 
Am.  Journ.  of  Obstetrics,  Feb.  1876. 

The  value  of  a  work  like  this  to  the  practical  physi- 
cian and  surgeon  can  hardly  be  over-estimated,  and  the 
necesmy  of  having  such  a  book  revisoil  to  the  latest 
dates,  not  inertly  on  account  of  the  practical  importance 


of  its  teachings,  but  also  by  reason  of  the  medico  legal 
bearings  of  the  cases  of  which  it  treats,  and  which  have 
recently  been  the  subject  of  useful  papers  by  Dr.  Hamil- 
ton and  others,  is  sufficiently  obvious  to  every  one  The 
present  volume  seems  to  amply  fill  all  the  requisites. 
We  can  safely  recommend  it  as  the  best  of  its  kind  in 
the  English  language,  and  not  excelled  in  any  other. — 
Journ.  of  Nervous  and  Mental  Disease,  Jan.  1876. 


JOHN  ! 

**  *<*r  of  a*ro*ry  tn  #»( twrrt/y  CeUtg*.  London.  He. 
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T)KUITT  (ROBERT),  M.R.C.S.,&c. 
TI1K  PBINCI1 

A  new  and  revised  American,  from  the  eighth  enlarged  and  improved  London  edition.   Illus- 
trated with  four  hundred  and  thirty  -two  wood  engra  ne  very  handnome  octa\o 

volume,  of  nearly  700  large  and  closely  printed  pagei,  cloth,  $4  00  .  leather,  $6  OP 
All  that  the  *nrglcal  *tn<lent  or  practitioner  coold    practice  of  -ur^ry  are  treat* 


It  U  a  moet  admirable  book  We  do  not  kaow 
when  we  have  examined  one  with  more  pleaeare.— 
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HENRY  C.  LEA'S  PUBLICATIONS — (Psychological  Medicine,  <£c.\      29 
ftROWNE  (EDGAR  A.), 

Surgeon  to  thf.  Liv-rponl  Eye  and  W.ar  Infirmary,  and  tn  the  Dispensary  for  Skin  Diseases! 

HOW  TO  USE  THE  OPHTHALMOSCOPE.     Being  Elementary  In- 
structions in  Ophthalmoscopy,  arranged  for  the  Use  of  Students.    With  thirty. five  illustra- 
tions.    In  one  small  volume  royal  12mo.  of  120  pages  :  cloth,  $1.     (Now  Ready.) 
The  information  is  given  in  a  very  concise,  but  we  may  [  very  homely  way,  which  cannot  be  misunderstood,  and 

if  the  student  follows  the  arguments  in  the  first  part  of 


also  add,  in  a  very  clear  and  forcible  manner.  Many  ol 
the  diagrams  that  illustrate  the  text  are  original  and 
ingenious  in  their  construction,  and  very  instructive. — 
Eiiin.  Jlctl.  Jour*. 

It  is  by  no  means  an  easy  task  to  write  a  good  ele- 
mentary work  on  a  difficult  subject.  The  author  must 
not  only  possess  a  comprehensive  and  accurate  know- 
ledge of  it,  but  must  be  able  to  express  himself  in  sim- 
ple and  easily  intelligible  terms'.  He  requires  to  have 
the  power  of  seizing  the  essential  facts  and  placing  them 
ii:  a  .striking  light  before  the  reader.  He  must  not  weary 
him  with  long  discussions,  nor  confuse  him  by  the  mul- 
ti|>li'-ity  of  details:  he  must  be  short,  but  clear.  The 
liMji-  book  before  us  fulfils  these  requirements  in  a  very 
satisfactory  manner.  The  explanations  are  given  in  a 


the  book,  and  supplements  the  descriptions  by  personal 
and  direct  observations,  he  will  possess  a  knowledge  of 
the  ophthalmoscope  (hat  will  be  am  ply  sufficient  for  ail 
ordinary  purposes. —  Londr/n  Practitioner,  March.  K^77. 

Especial  care  is  taken  to  make  the  student  fiimiliar 
with  the  changes  in  surface  level,  as  in  the  varieties  of 
cupping,  and  the  elevation  from  intracranial  disease  or 
neuritis.  This  portion  of  the  book  will  be  found  useful 
to  a  larger  audience  than  that  Mr.  Browne  professedly 
addresses — Med.-CJtir  (Quarterly  Jiev. 

We  congratulate  the  author  on  so  successfully  accom- 
plishing his  object,  and  recommend  the  book  to  all  stu- 
dents interested  in  this  particular  line  of  study.—  Mtd. 
and  Xury.  Ittpurter,  June  2,  1877. 


ffARTER  (R,  BRUDENELL],  F.R.C.S., 

Ophthalmic  Surgeon  to  tit.  George  s  Hotjntal,  ttc. 

A  PRACTICAL  TREATISE  ON  DISEASES  OF  THE  EYE.  Edit- 
ed, with  test-types  and  Additions,  by  JOHN  GREEN,  M.D.  (of  St.  Louis,  Mo.).  In  one 
handsome  octavo  volume  of  about  50(1  pages,  and  124  illustrations.  Cloth,  $3  75.  (Just 
Ready. ) 

Dr.  Green,  whose  reputation  and  experience  in  this  department  are  well  known,  has  given  this 
work  a  very  careful  revision,  and  has  introduced  much  matter  which  will  be  found  of  importance 
to  the  practitioner.  As  his  system  of  test-types  is  the  one  recommended  by  the  author,  they 
have  been  inserted  in  the  volume  in  a  shape  which  will  admit  of  their  being  detached  and 
mounted  for  convenient  office  use. 

These  test-types,  on  a  sheet  for  mounting,  can  be  had  separate,  price  25  cents. 
It  would  be  difiicult  for  .Mr.  Car.er  to  write  an  unin-  :  in  view,  and  presents  the  subject  in  a  clear  nud  concise 


ptructive  book,  aud  impossible  for  him  to  write  an  un- 
interesting one.  Even  on  subjects  with  which  he  is  not 
b(  iind  to  be  familiar,  hecan  discourse  with  araredegree 
ot  clearness  and  effect.  Our  readers  will  therefore  not 
b.  surprised  to  learn  that  a  work  by  him  on  the  Diseases 
of  the  Eye  makes  a  very  valuable  addition  to  ophthal- 


lie  literature. 


The  book  will  remain  one  useful 


alike  to  the  general  and  the  special  practitioner, 
tlie  least  valuable  result  which  we  expect  from  it  is  that 
it  will  to  some  considerable  extent  despecialize  this  bril- 
liant department  of  medicine.— London  Lancet,  Oct.  30, 
1875. 

It  is  with  great  pleasure  that  we  can  endorse  the  work 
as  a  most  valuable  contribution  to  practical  ophthal- 
mology. Mr.  Carter  never  deviates  from  the  end  he  has 


inanner,  easy  of  comprehension,  and  hence  the  more 
valuable.  We  would  especially  commend,  however,  us 
worthy  of  high  praise,  the  manner  in  which  the  thera- 
peutics of  disease  of  the  eye  is  elaborated,  for  here  the 
author  is  particularly  clear  and  practical,  where  other 
writers  are  unfortunately  too  often  deficient.  The  liua.1 
chapter  is  devoted  to  a  discussion  ot  the  uses  and  selec- 
tion of  spectacles,  and  is  admirably  compact,  plain,  and 
useful,  especially  the  paragraphs  on  the  treatment  of 
presbyopia  and  myopia.  Jn  conclusion,  our  thanks  are 


due  the  author  for  many  useful  hints  in  the  great  sub- 
ject of  ophthalmic  surgery  and  therapeutics,  a  field 
where  of  late  years  we  glean  but  a  few  grains  of  sound 
wheat  from  a  mass  of  chaff — Xew  York  Medical  Iftc'jrd, 
Oct.  23,  1875. 


WELLS  (J.  SOELBERG), 

Professor  of  Ophthalmology  in  King's  College  Hospital,  Ac. 

A  TREATISE  ON  DISEASES  OF  THE  EYE.      Second  America*, 

from  the  Third  and  Revised  London  Edition,  with  additions  ;  illustrated  with  numerous 
engravings  on  wood,  and  six  colored  plates.  Together  with  selections  from  the  Test-types 
of  Jaeger  and  Snellen.  In  one  large  and  very  handsome  octavo  volume  of  nearly  800 
pages  ;  cloth,  $5  00  ;  leather,  $6  00.  (Lately  Published.) 

On  examining  it  carefully,  one  is  not  at  all  sur-  j  mcid  and  flowing,  therein  differing  materially  from 
prised  that  it  should  meet  with  universal  favor.  It  I  some  of  the  translations  of  Continental  writerson  this 
is,  in  fact,  a  comprehensive  aud  thoroughly  practical  j  mibjects  thai  are  tu  the  market.  Special  pains  are 
treatise  on  diseases  of  the  eye,  setting  forth  theprac-  ;  takeu  toexplaih,at  length,  those  subjects  which  are 
tice  of  the  loading  oculists  of  Europe  and  America,  :  particularly  difficult  of  comprehension  to  the  begin- 


aud  giving  the  author's  own  opinions  and  preferences, 
which  are  quite  decided  and  worthy  of  high  consid- 
eration. The  third  English  edition,  from  which  this 
is  taken,  having  been  revised  by  the  author,  com- 
:t  notice  of  all  the  more  recent  advances  made 
in  ophthalmic  science.  The  style  of  the  writer  in 


ner,  as  the  use  of  the  ophthalmoscope,  the  interpre 
tatiou  of  its  images,  etc.  The  book  is  profusely  aud 
ah  y  illustrated,  aud  at  the  end  are  to  be  found  16 
excellent  colored  ophthalmoscopic  figures,  which  are 
copies  of  some  of  the  plates  of  Liebreich'g  admirable 
atlas.— Kansas  City  Med.  Journ.,  June,  1874. 


JjAURENCE  (JOHNZ.),  F.R.  C.S., 

Editor  of  the  Ophthalmic  Review,  Ac. 

A  HANDY-BOOK  OF   OPHTHALMIC    SURGERY,  for  the  use  of 

Practitioners.     Second  Edition,  revised  and  enlarged.     With  numerous  illustrations.     In 
on«  very  handsome  octavo  volume,  cloth,  $2  75. 

TA  WSON  (GEORGE),  F.  R.  C.  S.,  EngL, 

Assistant  Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  Moorflelds,  Ac. 

INJURIES  OF  THE  EYE,  ORBIT,  AND  EYELIDS:  their  Imme- 
diate and  Remote  Effects.  With  about  one  hundred  illustrations.  In  one  very  hand- 
some  octavo  volume,  cloth,  $3  50. 
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rflUKE  (DANIEL  HACK),  M.D., 

•*-  Joint  author  of  "  The  Manual  of  Psychological  Medicine,"  &e. 

ILLUSTRATIONS  OF  THE  INFLUENCE  OF  THE  MIND  UPON 

THE  BODY  IN  HEALTH  AND  DISEASE.      Designed  to  illustrate  the  Action  of  the 
Imagination.     In  one  handsome  octavo  volume  of  416  pages,  cloth,  $3  25.     (Just  Issued.) 
The  object  of  the  author  in  this  work  has  been  to  show  not  only  the  effect  of  the  mind  in  caus- 
ing and  intensifying  disease,  but  also  its  curative  influence,  and  the  use  which  may  be  made  of 
the  imagination  and  the  emotions  as  therapeutic  agents.     Scattered  facts  bearing  upon  this  sub- 
ject have  long  been  familiar  to  the  profession,  but  no  attempt  has  hitherto  been  made  to  collect 
and  systematize  them  so  as  to  render  them  available  to  the  practitioner,  by  establishing  the  seve- 
ral phenomena  upon  a  scientific  basis.     In  the  endeavor  thus  to  convert  to  the  use  of  legitimate 
medicine  the  means  which  have  been  employed  so  successfully  in  many  systems  of  quackery,  the 
author  has  produced  a  work  of  the  highest  freshness  and  interest  as  well  as  of  permanent  value. 


f>LANDFORD  (G.  FIELDING),  M.  D.,  F.  R.  C  P., 

J~*  Lecturer  on  Psychological  Medicine,  at  the  School  of  St.  Georye's  Hospital,  Ac. 

INSANITY  AND  ITS  TREATMENT:  Lectures  on  the  Treatment, 

Medical  and  Legal,  of  Insane  Patients.  With  a  Summary  of  the  Laws  in  force  in  the 
United  States  on  the  Confinement  of  the  Insane.  By  ISAAC  RAY,  M.  D.  In  one  very 
handsome  octavo  volume  of  471  pages;  cloth,  $3  25. 

This  volume  is  presented  to  meet  the  want,  so  frequently  expressed,  of  a  comprehensive  trea- 
tise, in  moderate  compass,  on  the  pathology,  diagnosis,  and  treatment  of  insanity.  To  render  it  of 
more  value  to  the  practitioner  in  this  country,  Dr.  Ray  has  added  an  appendix  which  affords  in- 
formation, not  elsewhere  to  be  found  in  so  accessible  a  form,  to  physicians  who  may  at  any  moment 
be  called  upon  to  take  action  in  relation  to  patients. 


It  satisfies  a  want  which  must  have  beea  sorely 
felt  by  the  busy  general  practitioners  of  this  country. 
It  takes  the  form  of  a  manual  of  clinical  description 
of  the  various  forms  of  insanity,  with  a  description 
of  the  mode  of  examining  persons  suspected  of  in- 
sanity. We  call  particular  attention  to  this  feature 
of  the  book,  as  giving  it  a  unique  value  to  the  gene- 
ra! practitioner.  If  we  pass  from  theoretical  conside- 
rations to  descriptions  of  the  varieties  of  insanity  as 


actually  seen  in  practice  and  the  appropriate  treat- 
ment for  them,  we  find  in  Dr.  Blandford's  work  a 
considerable  advance  over  previous  writings  on  the 
subject.  His  pictures  of  the  various  forms  of  inenta.1 
disease  are  e>o  clear  and  good  that  no  reader  cau  fail 
co  be  struck  with  their  superiority  to  those  given  in 
>rdinary  manuals  in  the  English  language  or  (so  far 
as  our  own  reading  extends^  iu  any  other. — London 
Practitioner,  Feb.  1871. 
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INSLOW  (FORBES),  M.D.,  D.C.L.,  frc. 

ON  OBSCURE  DISEASES  OF  THE  BRAIN  AND  DISORDERS 

OF  THE  MIND ;  their  incipient  Symptoms,  Pathology,  Diagnosis,  Treatment,  and  Pro- 
phylaxis. Second  American,  from  the  third  and  revised  English  edition.  In  one  handsome 
octavo  volume  of  nearly  600  pages,  cloth,  $4  25. 


EA  (HENRY  C.). 

'SUPERSTITION  AND  FORCE:  ESSAYS  ON  THE  WAGER  OB' 

LAW,  THE  WAGER  OF  BATTLE,  THE  ORDEAL,  AND  TORTURE.  Second  Edition, 
Enlarged.  In  one  handsome  volume  royal  12mo.  of  nearly  500  pages;  cloth,  $2  75. 
(Lately  Published.) 


We  know  of  no  single  work  which  contains,  in  so 
•mall  a  compass,  so  much  illustrative  of  the  strangest 
openttions  of  the  human  mind.  Foot-notes  give  the 
authority  for  each  statement,  showing  vast  research 
and  wonderful  industry.  We  advise  our  confrere* 
to  read  this  book  and  ponder  its  teachings. — Chicago 
Med.  Journal,  Aug.  1870. 

As  a  work  of  curious  inquiry  on  certain  outlying 
points  of  obsolete  law,  "Superstition  and  Force"  is 
one  of  the  most  remarkable  books  we  have  inei  with. 
—London  Athenaeum,  Nov.  3,  1866. 

He  has  thrown  a  great  deal  of  light  upon  what  most 
be  regarded  as  one  of  the  most  instructive  as  well  as 


interesting  phases  of  human  society  and  progress.  . 
The  fulness  and  breadth  with  which  he  has  carried 
out  his  comparative  survey  of  this  repulsive  field  01 
history  [Torture],  are  such  as  to  preclude  our  doing 
justice  to  the  work  within  our  present  limits.  But 
here,  as  throughout  the  volume,  there  will  be  found 
a  wealth  of  illustration  and  a  critical  grasp  of  the 
philosophical  import  of  facts  which  will  render  Mi. 
Lea's  labors  of  sterling  value  to  the  historical  stu- 
dent.— London  Saturday  Review,  Oct.  8,  1870. 

As  a  book  of  ready  reference  on  the  subject,  it  is  of 
the  highest  value.—  Westminster  Review,  Oct.  1867. 


r> 


r  THE  SAME  AUTHOR.    (Lately  Published.) 

STUDIES  IN  'CHURCH  HISTORY—  THE  RISE  OF   THE  TEM- 

PORAL POWER—  BENEFIT  OF  CLERGY—  EXCOMMUNICATION.  In  one  large  royal 
12mo.  volume  of  516  pp.  cloth,  $2   75. 


The  story  was  never  told  more  calmly  or  with 
greater  learning  or  wiser  thought.  We  doubt,  indeed, 
If  any  other  study  of  this  field  can  be  compared  with 
this  for  clearness,  accuracy,  and  power. —  Chicago 
Examiner,  Dec.  1870. 

Mr.  Lea' s  latest  work, ' '  Studies  in  Church  History, ' ' 
fully  sustains  the  promise  of  the  first.  It  deals  with 
three  subjects — the  Temporal  Power,  Benefit  of 
Clergy,  and  Excommunication,  the  record  of  which 
has  a  peculiar  importance  for  the  English  student,  and 
Is  a  chapter  on  Ancient  Law  likely  to  be  regarded  as 
final.  We  can  hardly  pass  from  our  mention  of  such 
works  as  these— with  which  that  on  "Sacerdotal 


Celibacy"  should  be  included — without  noting  the  ' 


literary  phenomenon  that  the  head  of  one  of  the  first 
American  houses  is  also  the  writer  of  some  of  its  most 
original  books. — London  Athenaeum,  Jan.  7,  1871. 

Mr.  Lea  has  done  great  honor  to  himself  and  this 
country  by  the  admirable  works  he  has  written  on 
ecclesiologicaland  cognate  subjects.  We  have  already 
had  occasion  to  commend  his  "Superstition  aad 
Force"  and  his  "History  of  Sacerdotal  Celibacy." 
The  present  volume  is  fully  as  admirable  in  its  me- 
thod of  dealing  with  topics  and  in  the  thoroughness— 
a  quality  so  frequently  lacking  in  American  authors— 
with  which  they  are  investigated. — N.  Y.  Journal'/ 
Psychol  Medicine,  July,  1870. 
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